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A Renaissance for Michelangelo ox 

For ning years restorers have been removing the grime of centuries 
from the artist's frescoes inthe Vatican's Sistine Chapel. The results 
are literally Orilliant. David jeffery describes the restoration project, 
photographed by Victor &. Bosweil, [r., and Adam Woolf 























Double Map of the Holy Land 


The latest in. the Special Ploces of the World series chorts the area 





VG Pie STI CLINGS 


socred to Jews, Christians. and Mfusfims. Peidting Historical events 
and scriptiiral passages to actual sites. 
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Baja California: Mexico’s Land Apart 
Once a seldom triveled hinterland, this desert peninsula hos been 
discovered by tourists drawn to the beauty and bounty of the Sea of 
Cortés and by Mexican workers tn search of jobs, The deluge of 

=a visitors has brought a bloom of prosperity, dlong with new problems 
Titltadneanrioe “lor Belt reports, with photerraprs Oy Annie Griffiths Belt, 


Advanced Materials— 
TP ae e - 1 aes : mt a 
Reshaping Our Lives + 

| & 
Man's increasing ability to create new materials by manipulatin 1 
the atoms or molecules of existing ones ls spurring an internationoa 
scientific race that is transforming our p rnttetrial world. Thomas 
Canby and photographer Charles ("Rear describe recent deveiop 
Tf iteiteteeee «ments we plastics, ceramics, composttes, and alloys 
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ashington State, 
Riding the Pacific Tide 7» 
A rising wie of Asian conmmerce brings economic benefits to the 
iergreen State. Celebrating tts centennial this year, Washington 
Iooks fo tis reach agricuttaral and iidustrial base fo carry it unite its 
second century, says Mike Edwards, Photos by Sandy Pelsentha/ 
Le Pie Fou ¥ - . P 

, Our Year in Review | sv 

A Soctety-sponsored geography poll of Russians reveals that they 
snare with U.S. citizens o poor awareness of thre world around 
them. Watton) Ceagraphio P 


foo projects promoting georraphy education 
- Pry i ee 


resident Gilbert MM, Grrosvenor details 


COVER: Restorer Pier Giorgio Bonetti wipes away dissolved dirt fram 
Mic sedis SLubwor Sibw, parted (6 fresoo where the Sistine Chapel 
ceiling curves into a wall Photograph by Adam Woolfitt 
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A restorer wipes centuries of dirt from 
aface in the Vatican's Sistine 
Chapel, as the gloomy masterwork 15 


renewed toa glory of color and light. 


HO WOULD DARE change 
the arms of God on the 
first day of Creation? 
Michelangelo, First he 
scribed outlines for God's 
arms into wet plaster with quick strokes of 
a sharp tool. Then he abandoned those 
outhines ina flash of brushstrokes. He 
painted God's left arm so it swept directly 
overhead, made that arm plunge a divine 
hand into the turbulent hght and wrench 
it from the darkness (page 697) 

[he Sistine Chapel quivers still with the 
aftershocks of Michelangelo's daring— 
now even more as nine years of careful 
cleaning and restoration by Vatican 











experts come to an end They have been 
separating darkness— the accumulated 
rime of nearly tive centuries —from 
Vicheliangelo's light. [tis alhght to amare 
the eve and blind the soul 

Yet what a rehuctant light it was, for the 
artist was cajoled and harassed, forced 
really, into completing one of the crown- 
ing masterpieces of Western civilization 

Contnme one 696! 


By DAVID JEFFERY assarant eorron 


Photographs by ADAM WOOLFITI 
and VICTOR EK. BOSWELL. JR 
ATION COLOR APHIC PHOTOGRAPHER 

COURTESY THE VATICAN MUSEUME 


WITH SPECTAL CUNSENT OF 
wIPPOM TELEVESIOW NETWORK CORPORATIONS 


O55 








Ch) 








A, 


= — 


ite OO SS a ee 
“ =. . —— Sen i 





» 4 


uP ' 
. \ | | 


a 











Curtained scaffelding and elevator (above) dimide dark uncleaned scenes, 
at top, from restored sections. The shadow of a restorer (left) falls on can- 
was beneath the newly cleaned creation of Adam. Though still partly 

obscured by scaffolding (previous pages), the chapters of Genesis from the 
Creation through the temptation of Eve to the Flood unfold from right to 
left along the chapel ceiling. Flanking those are portraits of prophets and 
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sibyls, and below, wider arches where walls begin, the ancestors af Chrust. 
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(Continved from page 688) 

By age 33 Miche tangelo had already 
made his reputahon as a sculptor equal to 
any ancient Greek or Roman. His marble 
“Pieta,” the crucified Christ lifeless across 
the knees of a Mary forever young and 
mnocent, transcended grief. His giant 

“David” glowered fiercer than any Goliath 

Now he had a commission from Pope 
Julius Il to make for him a tomb of sculp- 
tures 50 claborate and so huge as to con- 
found the imagination. Julius, however, 
first insisted that Michelangelo paint the 
omling of the Pope's own Sistine Chapel. 

Michelangelo did not want the Sistine 
job he began in 1508, Though trained to 
the brush, he had pamted infrequently, 
Julius, whose fame came from enlarging 
the papal domain by the sword, bullied 
him like a drill serzeant, once hitting him 





iM BOCKFTTE CSCINO Pat }) Ware 
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As if garbed in a hartequin's moticy, & hall- 
cleaned figure shows just how heavily centuries 
of dirt, soot, partishes, and other foreign 

motter tad darkened frescoes of the Sistine 
Chapel. Cleaning the surfice ts done at a pace far 
Slower than Michelangelo kept to pat tt. 


HOG 


with a cane, once threatening to throw 
him off the scaffold. The artist grumbled 
constantly, asked for release, signed his 
letters: ‘Michelangelo, sculptar.,’ 

Yet in litte more than four years he 

filled the ceiling and upper walls with 
dovens of compositions; the ancestors of 
Christ, Old Testament prophets, and 
sibyis of the-ancient pagan world, On 132 
by 44 feet of ceiling, he painted scenes 
from Genesis, backward from the Flood to 
the Creation. 
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LL ROME ADMIRED it and crowded to 
| seeit,” recounted one contempo- 
. rary of the compieted ceiling, 

unveiled in 1512. Another 
“Tt was such as to make everyone 
speechless with astonishment.’ 

Astonished too were those who 469 
years later crowded to see the first cleaned 
section opened to public view. Yet some 
academics, critics, and painters com- 
plained that the images now looked too 
bright, too flat. A tew asserted that some, 
and maybe a good deal, of Michelangelo's 
own handiwork mist have been erased in 
the cleaning process 

To see tor myself, I visited the restorers 
at work. A clanking ascent in a narrow eie- 
vator brought me up to a scaffold similar 
to the one sketched by Michelangelo, The 
attachment points along the walls are even 
the same ones, and the central platform 
also has a few oversize wide steps at ether 
side to facilitate working along the are 
where the ceiling curves toward the walls 

ocattolding had borne chief restorer 
Gianluigi Colalucci and his colleagues 
Maurizio Rossi, Pier Giorgio Bonetti, 
and Brung Barath for years, All worked 
under the direction of art historian Fabri- 
zio Mancinelli of the Vatican Museums. 
Barath Was preparing to inpect vinyl resin 
bo secure a small section of ceiling weak- 
ened by a void behind the plaster, while 
others worked on figures out on the curve 
and Filippo Petrignani recorded every 
detail on a computer 

Years of restoration had passed, and 
with them daily strain, stress, and inter- 
ruptions. Michelangelo des cribed similar 
effects on himself: "Llive here in great boul 
and great weariness of body, and have no 
Trends of any kind and don’t want any, 


Wrote; 


National Geographic, December 1889 


and haven't the fme to eat what I need 

He then, as the restorers do now, stood 
day by day, head bent back, arms 
stretched up. He complained of pain! 
splattering his beard, of pain, of problems 
with his eves. The restorers keep on 
steadily, professional and serious but not 
solemn, Colalucci has a button pinned to 
his smock that reads: “Even the Pope had 
trouble with Michaelangelo.” 

Trouble ran both ways. The artist was 
desperate to quit the commission; the 
Pope was adamant that he continue. The 
work did not go well at first, partly from 
inexperience. The fresco of the Flood was 
soon hazed over by “mildew,” the result 
perhaps of mixing too much water in the 
SuTimace plaste r. or infonace. Michel langelo 
SPP NOES ta the Pope 
sec | told Your Holiness thal this ts 
ricit im art; what [ have done is spoiled.” 
Julius did not relent; Michelangelo must 
nigke it his art 





HE RESTORER 5 CREDO is like the 

physician's: First, do no harm 

Thé treatment is to iit layers ol 

Rome's dust, sooty grease from 
burning candle tallow, and other Seebe 

ces—even ph ee at pains Wik WS Bee 

All hav t! pe 1d Whe Nelanpeilets r rome 
thean work, 


Worst of all were varnishes made of ant- 


mal glues. Applied in various centuries to 
brighten the darkening surface, they did 
so fora hme. Then each detenorated and 
turned the ceiling darker than before. 
Despite its dingy appearance, most of 
the fresco remained in good condition 
The technique of painting on fresh plaster 
was its own best protection. In the hours 
atter Michelangelo painted, the day's 
a pplication ol Hesco dried. As it did, the 
pigments were pire bonded ina 
hardening layer o 
Various slues and gums of centuries did 
not penetrate that hard carbonate shell. 
The glues have, however, shrunk and 
puckered, and in spots scabs of glue 
have fallen away, pulling pigment 
with them. [This slow destruction 
by glue pox, rather than some large and 
immediate threat, has been the Vatican's 
principal motivation for cleaning the 





A Renouseance for Micheloneelia 


um carbonate, The 


Grootes outlining the features of God dividing 
the tigitt from the darkness were incised by 
rreessing @ styius along re tines of a. paper 
fesien, or cartoon, affixed over damp plaster. 
Hoen as he patnted, Michelangeio had second 
thoughts and changed the left arm's posttion. 





celling now. Water damage from root 
leaks since plugged has alse infiltrated 
dissolved salts to the surface, stains 

that cannot be removed as easily as orcli- 


nary gume 

[he restoration plan calls for exam- 
tnation of each section of fresco with 
scientific instruments and assessment of 
the results with human judgment. Then, 
under exacting procedures, the gentlest 
effective solvent is applied to overlying 
grime and both are rinsed away. [t seems 
a nearly magical process to watch 

Cn one side of the scattold Bonetti is 
cleaning the figure of the Libyan Sibyl 
(pages 702-3), First he wets a natural 
sponge in distilled, deionized water and 
gently wipes a small section of fresco. 
With a natural-bristle brash he applies the 
cleaning solution. Used by restorers for 


io 


about 20 years and knownas AB 457; itis 
made of bicarbonates of sodium and 
ammonium, An antibacterial, antifungal 
agent is added, All these are mixed in car: 
boxymethvicellulose and water to become 
a gel that will cling without dripping. 

The gelis applied and remains for about 
three minutes. Then the gel— together 
with the dissolved grime—is removed 
with sponge and water. Where grime 1s 
especially heavy, the process may be twice 
repeated at 24-hour intervals 


RESTORER comes to feel on intimate 
terns with the creator of the 
work on which he labors. Bon- 

eth works with a musician's 
rapt concentration, Here—and here!—he 
finds bristles fram Michelangelo's brush 
embedded in the surface. The master mairst 
have been using an old brash. Bonett 
smiles. [hen—here!—he hnds an are of 
small indentations. Michelangelo was 
probably testing the set of the plaster, the 
intonaca— with his fingertips. 

Bonetti works on, and the sibyl’s glow- 
ing Hesh appears fram beneath a grayish 
brown hide, The back and left arm are 
smoothly modeled with color. Brushwork 
defining the face is ineffably delicate, yet 
the expression will be clear to someone 
standing on the Hoor some 60 teet below, 

Details of brushwork along one fold of 
white drapery appear, Bonetti calls them 
“worms, tory red curlicues that detme 
the curve and erve volume to the told 

“The technique and results always sur- 
prise,” Bomett says. Even afterall their 
years on the scaffold and the preliminary 
analyses, the photogrammetric mapping, 





the peering beneath surfaces with ultravi- 
olet fuerescence and sodium monoachro- 
matic light and infrared spectrometry and 
liquid chromatography and atomic absorp 
tion spectrophotometry. ... Atter all that, 
Wichelangelo stil surprises. 

“We know what will be there, but to see 
it! lust jook at that green!” 

(Jn the other side of the scattold Miauricio 
Rossi contronts an image of Jeremiah as be- 
set with cause for lamentation as was the 
prophet himself, who bemoans of his peo- 
ole in the Bible: “Their visageis blacker than 
a coal thetr skin cleaveth to their bones; 
itis withered, itis become like a stick.’ 
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Kefore cleaning, aon Ezekiel (above), muany 
teats are made. Infrared light (top right) 
penetrates old varnish and overpainting to 
show ongiial fine details as in the drapery, 
Ultraviolet fight (bottom right) shows clumsy 
restoration of prior centuries as red on 
garments and dark shadows on small nudes. 

lo determine the order of deposition of for- 
eign matter, numute pigment samples are sus- 
pended in polyester resin (below). Wher if 
hardens, cross sections are cut and magnified 
(bottom sequence), Dirt beneath varnishes sug- 
gesis that they were applied much later than 
the pigment ond not by Michelangelo. 


GLUE LAYER, 
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Nation Geograpaic, Gecember 1O89 











Cleaning sequence by chief restorer Giantuiyt 
Colainect shows.a typical procedure. First a 
solvent called ABS], made of bicarbonmates cf 
S00 ad coor toith a fienicite ana 
antibacterial agent in a gel, ts opelied by brash 
(top). The head represents an ancestor of Christ 
from one of the finettes, or half-moon pper- 
wall sections. After Uiree wrinutes solvent med 
residues of dirt and old mernish are woped mtmy 
(ritiddie) with a sponge soaked tn aistilied, 
defonized water. Che procedure is reseated 24 
hows later to complete the cleaning (hottie). 
fhe process 1s docuntented in great deta! Dy 
Nippon Teletision Network Corporation 
fight), woirich 1s funding the restoration tn 
return for temporary reproduction rights and 
to help protect a world treasure 


leremiah’s image was already damaged 
before Michelangelo's death in 1564. The 
sisting (hapel, builtm the 14/0s by Pope 
Sixtus IV, racked slowly out of plump as 
the massive structure settled unevenh 
into the soil beneath, Some of the ceiline’s 
fresco, including part of Jeremiah, was 
sloughed onto the tloor below 

Artist Domenico Carnevali’s mid-lath- 
century restoration was thu rst a f oor al 
In just a small region near [eremiah's 
head. Rossi points toa detail where gray 
overpainting trom the 19th century covers 
aiayer of plue varnish that, in turn, had 
been applied ato pan earlier repair 

sorting through the complexity at Jere- 
mah amounts te micro-archaeolory: all 
the layers and details are analyzed and 
recorded lone before any cleaning begins 


iCHELANGELO passed from 5 
too years old du ring his 
Sistine ordeal brut age d 
much more. Even his 
imaces of God seem to reflect the terrible 
4 obi. I Painted first, the creator of Eve 
looks fairer and yourigel than the creator 
of sun and moon 
Csianiuig ¢ abaSeat feels that in a sense 

Wichelancelo salvaged the design of the 
tomb he had wanted to build by tuming ft 
inside out, adapting the architectural and 
sculotural elements to the painting. He 
believes too that the arhst underwenta 
personal transformation during the work. 

“He is givena job he doesn’t want, bul 
da certiin point le starts to enjoy Ww iat 
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his relationship try | 


Ment now S| weak across nea rly A! VEaTS 


and say together: This is my art 


ngering criticism, no one 
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t tlan@ible evidence thal cast 
doub ton the validity of 
far the majority of interested art historians 
and conservators support t 

We made a mistake in the 


DPC red 


the restoration. th 
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The Vatican has now 1 eplaced 
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i with dimmer ones, and the 


brignt ticht 
painted colors have retreated back into the 





1é COMPOS TONS, 
in the Sonne i rath Pirie 
around the work I will e cleaning 
of the ceiling. Analysis will already have 
aration for cleaning Michel- 
Last Judgment,” 
work that nses 60 feet itke painted 
nthe wall behind the Sistine 
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Retuvcen 1999 and 1994. New Licht on Michelangels, 
a fowrpeliome ioork chinerichiry fee restoration, tol 
be peblished by RCS. Riczold Libri S.p.A., Milan: 
Editions Mincenod, Parts; Min risen aan Lirterp, 
Helen Godin, Chicago; Random Howse, lnc, (Crown 
Pultlistters), Nec York: Fakernli Verlag Lier, Ly 
cerne: Fdiciowes Eecuentro, Madrid: and Nip po Peles 


risnon Network Corporation . Tokyo 
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HE COMPLEX POSE of a 
pagan female seer, the 
Libyan Sibyl, being 
cleaned by Pier Giorgio 
Bonetti (left) was first sketched 
by Michelangelo using a male 
model (above), Musculature 
in the sketch, emphasized to 
show detail, was sottened 
and feminized in the fresco. 
A more difficult problem 
Was Compensating for visual 
distortion induced by the 
curving Surface on which the 
sihylis painted, Called inex- 
perienced by rivals, Michelan- 
pelo proved to be a master 
ot foreshe irterng lgures 
a0 that little saad Is 
evident toa viewer on the 
Hoaor sore ‘o feet below, In 
Hus view the camera lens-acts 
ina similar way: The wall 
curves: much more than is 
apparent 


A Renormsonce for Michelangelo 
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Contrary to a popular view, 
Miche langelo almost certainly 
rn not lie down while paint- 


ne. He drew a comic 


hinealé at work (a hove 


sketch of 
nent) 


hi CTT pet ray a sahric sonnet 


he sent to a rend. 


Translated 
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trom ttahan, it reads im part: 
"lL have dready developed a 
goiter... that pushes my 
under my chin. My beard 
points to heaven... . and my 
continuously dripping 
onto my face turns itinto a 
nich mosaic 
penetrated my belly, my 
Trump's a counterweight, and | 
walk around in vain peste 
seeing where lam going. 
Behind, my skin is shriveled 
for too much bending, and | 
am stretched like a Syrian bow.’ 
Today's restorers have simi- 
lar problems, although their 
pace is slower and the lighting 
is much better. Where Michel- 
angelo had a demanding and 
impatient patron in Pope 
Julius Ul, chief restorer 
Cotaluce (feft) has an endless 
parade of visiting scholars and 
dignitaries to enlighten 
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HE CRAFT OF FRESCO, a8 
used by Michelangelo, is 
WwW in. a series (right) 
alicceom, on institute for res- 
toration training in Rome. 

A smooth layer of thin, wet 
plaster, the meonace (1), 1s 
traweled atop a rougher layer 
of dry plaster , the arriccd 

To make.a guid for the 
imare of a head to be painted, 
artistand Vatican restorer 
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Maurizio Rossi has pricked 
holes along lines of a drawing 
ona Sheet of paper, He tacks 
the paner liehtly over the plas- 
ter and then taps along the 
holes with a paras bag of 
charcoal dust (2). 

rie removes the paper (3), 
revealing outlines denned Dy 
charcoal dust on the plaster. 
Called pouncing, this tech: 
nique of transferring cartoons 
sstllvisibleasdotsindetalsot 4 a 
Michelangelo's own work {5) 

With outlines established, 
Ross) paints while the plaste 
wet (4). Asitdnes and sets, 
pigments of the water-based 
paintare bound in the outer 
layer, and colors hehten 

Michelangelo's original of 
the head as seen belore (6) and 
atter (/') restomttion show's that 
the curl under the chin had 
been hidden by overpaintine, 
and the transparent clarity of 





the tresco had been muddied. 

Enormous contrast dPpears 
in the cleaned lunettes (left) 
that depict the ancestors of 
Christ. One of them mam 
themes, motherhood and the 
Pelssing OF pencratons, Was 
obscured in this panel when 
the child in the cradle was all 
but buried under grime. 
Michelangelo painted each 
lunette without benefit of car- 
toons. Except for one, each 
was completed in only three 
Working days 
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TrEMPTs at restoration 
Lin previcus cent 
es varied fom 
the good (considenng tech- 
niques then available) to the 
dreacdtul, Modern restorers 
must evaluate each prior 
attempt and decide how much 
of it, iFany, bo keep, 

Ini the LSth century [-shaped 
bronze clamps were inserted 


to anchor weakened plaster 





fabove). Where these cause no 


problem, tery ane lett as part 


ot the cedling’s history 

A section of plaster with the 
left hand of God (in the Gene 
cs scene of the pathering of 
the waters) had fallen and 
gmashed in the mid-i6th cen- 
tury. Domenico Carnevali 
an arthist.ot the time, sic 
replastered the surface and 
repainted the hand, thaweh 
crudely. A decision was made 
to keep the repaint d hand but 
replace the surrounding back- 
around. Fiaving protected the 
hand, Testorer Brung barath 
above len) slowly removes 
the background. When new 
Paster 1s Added and painted 
‘lett, the restoration i restored 

There was no question about 
removing bad averpaimting 
ona scene ol a woman and 
infarit (tar leit). Not only was 
Wichelan@elo's original work 
neath, but his depiction. ol 
the woman's breast evoked 





the fatnihal lovine bond af 
mother and nursing child. 
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leh) were removed without 
loss of pigment, Elsewhere mn 
the chapel contracting varnish 
has pulled original pigment 
from the frescoes, spurting the 
decision to do this complete 
resioranon 

Varnishes thace of anim 
plies were applied through 
the centuries to brighten the 
irescocs., A temporary remec 
VarTush Would soon deternc 
fate, making them darker yet 

Ln especially sloppy jab 
was done on one of the nudes 
fright) positioned-at each cot 
ner of the ceiling's central 
acenes, Che lighter swath 
across the right thigh and ab 
omen Was missed by a oire- 
less worker perhaps wielding 
a lone brush trom below 

Giant acorns associated with 
many Of the nudes, or fendi 
(facing page), Teterred toa 
heraldic device on the Pope's 
Coal OF arms 

The firures themselves echo 


Wichelangelo's changing 
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moods, his love of ancient 
statuary, and his abiding de- 


site to be. above all. a sculotor 
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cracks; yellow crosses, metal 
clamps; and blue circles, weak 
areas from past restorations 

[he computer mapping 1s 
based on.a photogrammetric 
survey that details ewen small 
surface variations, of which 
there are many since the cei 
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washboard road 
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“A pathless, waterless, thornful rock, sticking up between two oceans.” Thus wrote 
a Jesuit missionary in the 18th century, describing the scene of his ordeaole—the 
peninsula colled Baja, or Lower, California. Isolated by the incredibly rich Sea of 
Cortés (gatefold), where dive-bombing brown pelicans feed on schools of fish, 
Baja California hos been steadily gaining ground since 1973, when tis dusty back 
roids were buttressed by a paved peningula-long highway. 
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Tapped owt bv irrigation before it reaches the Sea of Cortés, or Gulf of California, 
the Colorode River no longer flows through (t= own delta (left). What appedr as 
rivers ore actually runoff from tidal surges, among the world’s highest. Groy 
wholes migrate from Alaska waters to breed in sheltered bava oni lagoons along 
Bajo's lonely Pacific coost (top), while hurnans inhabit rare onses such as Mulege 
(above), blessed with one of the peninsula's few perennial streams. 
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High and dry, toe mountains forming the peninsila’s backbone are practically 


aninwibited. The same ty true of islands in the Sea of Cortes (top), despite their 
rrowing popularity as anchorages. Science finds them even more irresistible as 
notural laboratories for the study of ewolution. “They're like a poor mans 
Golapoaos,” save George Lindsay, a pioneer of aclentific exploration here. “Moony 
of them have plonts and animals found nowhere elsc.on earth.” 


“Tf it were lush and rich, one could understand 





the pull, but tt 1s fierce and hostile and sullen. 


—JOHN STEINBECE The Log from the Sev of Cortez 






HE WORLD WAS AT WAR in 
December 1944, when a young 
Mexican pilot named Luis Cop- 
pola Bonillas, ferrying an Ameri- 
can Batt bomber from Canada to England, 
landed in Greenland and fell in love with 
Baja California. 

somewhere over the Atlantic his plane hit 
hurricane-force winds. Coppola and his crew 
made an emergoncy landing at a-weather sta- 
tion in Greenland, which m those days was 
ane of the few places in North America more 
remote than the Mexican desert peninsula 
this stery is about. 

"There we were with the biggest war in his- 
tory, and all we could do was hunt ducksin the 
snow and read,” he recalled. “Luckily I'd 
picked upa little novel somewhere called Jowr- 
ney of the Flame, all about a young man's 
adventures on the frontiers of Baja California 
To meit sounded like the most exciting place in 
the world, By the time we got our plane off the 
ground, | knew my destiny was in Baja Cali- 
fornia. Lcan'texplain it, except tosay that one 
has rocks tn his head when he’s-voung.” 

Five years later Coppola was manager of the 
peninsula's largest airline, He was alsoitsonly 
full-time pilot. Flying back and forth across 
the Sea of Cortés, he hauled chickens from La 
Paz to Guaymas, people from Loreto to Ense- 
noda, and fichting bulls from Jalisco state to 
the bullrings of Tijuana. He flew a military 
surplus OC-3 his partner had picked up at an 
auction for $11,000. “It had seen action in 
Europe during the war,” Coppola said. “But 
the flak holes were good for ventilation.” 


NE HUNDRED MILES of water, 
, more or less, divide the penin- 
sula called Baya, or Lower, 
California from the rest of 
= Mexico, and flying into La Paz 
on a ee day, you can see mountains along 
the west coast of Sinaloa, nang dreamlike 
through the haze above the Sea of Cortés. 
This body of water is also known as the Gulf 
of California, although most native prninsu- 
lares prefer the more evocative Mar de Cortés, 
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for Hernan Cortés, the conqueror of Mexico, 
who came here bunting pearls in 1535 and 
claimed the peninsula for Spain: Jucging by 
maps from this period, Cortés may have called 
the gulf the Vermilion Sea, perhaps after 
watching its surface turn blood rec, as it often 
does in the hour between sunset and dark. 

By whatever name, the gulf has: isolated 
Raja California and many of its islands since 
they tore free of the mainland some five million 
years ago along the San Andreas Fault system, 
which zigzags up the gulf before rising from 
the mud flats of the Colorado River Delta to 
menace citizens of the other California. 

In o thousand small ways this isolation has 
shaped the natural and human history of the 
Baja peninsula and made it as cistinet from 
mainland Wlexico as twins raised on opposite 
sides of a mountain range, Roth were born 
poor and have spent their days looking to the 
desert. sky for miracles. Rut Baja California 
grew up harder and lonelier and generally 
worse off than other parts of Mexico—mainiy 
because here the sky so rarely cooperates. 

Baja’s central cesert, which covers a third 
of the peninsula, gets between one and three 
inches of rain avear— about the same as Death 
Valley. Except for hurricane years and « few 
regions that get unpredictable downpours, all 
Baja California is a desert full of thorns:and 
sharp rocks and wide-eyed children who have 
never secn an umbrella. 

As you might expect, people are spread thin 
over this land, Of the estimated 2.5 million 
persons living in the states of Baja California 
and Raja California Sur, some $0 percent are 
crowded into the big northern cities of Tijua- 
na, Ensenada, and Mexicali near the United 
States border, with 160,000 living in the south- 
ern capital of La Paz, Most of the others livein 
fishing camps or small villages scattered along 
a wraparound coastline that if unraveled 
would stretch from downtown Tijuana to 
somewhere just north of Juneau, Alaska. 

Because it is barren and mountainous and 
exceeciingly lean in the things that make men 
rich, Baja California has repeatedly folled 
man's attempts to make something out of it. 
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In 1949, when Luis Coppola began flying 
the peninsula's first mail route, Cabo San 
Lucas was aramshackle fishing village strewn 
around a tuna cannery at Baja’s southern tip. 
“A couple of hundred people lived here then,” 





he told me. “Phere were a few goal ranches, 
but most people worked at the cannery and 
nsher in their spare time. The whole town 
ernelied like tuna fish.” 

He wasn ‘tthe only pilot landing his plane on 
the dirt strip down by Cabo's waterfront. It 
was used also by a handful of gringos who 
loved the anonymity and funky charm. of the 
fHlace—men like John Wayne and Bing Cros 
by, who flew down in private planes and spent 
their davs hauling trophy-size marlin from the 
Witers around the cape 

hese men would sometimes invite trienes 
down to join them, and soon Coppola was 
shutting passengers along with the mail be- 
tween Cabo and La Paz, which was then in its 
hevday as a duty-free port. “That was a crazy 
time.” he recalled. "Baja was:e lasi frontier, 
like Alaska, Vou thought big in those days,” 

One morming in 1952. Coppola woke up 
thinking really big. Backed by his father-in 
aw, he made a “ridiculously low offer” for 
Los Arcos Hotel in La Paz. He fully expected 
the owner to laugh mm his face. Instead the man 
puted & ringof keys from his pocket and hand- 





ed them over. “Congratulations, Mr 


(op 
polo, he sand, “You re now a hotelier,” 

Cine thing led to another, and soon Loppola 
J4-roam hotel in Labo to 
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crowed. Then came the Finisterra, a luxun 


hotel he opened in 1971 —about the time Cabo 
San Lucas began popping up in the travel sea 
tions of major U. &. newspapers; Coppola was 
adecade ahead of FONATUR, Mexico’s bureay 
of tourist development. Around 1982 they 
started talking about Baja as another (anctin 
and followed up by expanding the imterna- 
ional airport serving Cabe 


‘In the beginning we oll wanted to keen this 
if F 


Hace a big secret,” Coppola recalled. “Guys 
WOK fo hone and leaboul how crummy the 
NSaning Was, 

He looked out.at the buildings transforming 
the quaint fishing village of his memories into 
one of Mexico's premier tourist destinations, 
“There are a thousand new hotel rooms being 
built on the cape right now,” he said with a 
sigh. “IT quess-it's safe to say the secret’s out." 

At last count the secret was being shared by 
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about half a million towrists a vear in Baja 


(aliformia Sur. Ther free-spending ways 
accounted for a-third of all income and helped 
rive Mexico's least populated state one of the 
country's highest standards of ving 

For every ten vacationers strolling the dust 
Alled streets of Cabo, it seems, there is also a 
businessman in white shoes striding abou! 
with a portfolio full of architectural sketches 
under his arm 
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Pash 1 on L6G SUC Of FUSNATLE S Cevelop- 


if a: MW 5 a 
ment af Las Cabos" —the name coined to 
promote both Cabo San Lucas and the neigh- 


nsé@ cel Cabo 
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At Pedregal, a hilltop development over 
looking Cabo San Lucas, owner Manuel Diaz 
Rivera watched as workers put the finishing 
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touches On & Mansion of mortar 


Commissioned by a Los 
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covers 8,500 square 
Vet it was built 
of what the buy- 
ers would pay for the same home in Cahfornia 

“We HVe in a State of 


men three years to complete 
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about who's building ane where,” sail lise 
who speaks im the gib, rapid-fire tones of a 


Viexien City * yestertlay | watched a 


i 5 4 
nal a 


catariver POrit OTY house and tell a COLUEST 


That's where Svivester Stallone lives.” ” 
Word of all thic has spread to distant states 
in the Mexican interior, where unemplovment 
soars. Perhaps one out of three people living 
in (abo San Lucas today is a comstruction 
worker, and hundreds more arrive each week 


fe ee gt ee ge oe See oe ee 
looking for work, These newcomers live in a 
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feet and took 70 





To tirn parched land into forms, Baja Califor: 
nig we underground water, On luis ranch 
ner Ciudad Insurgentes, where onmual roin- 
fall is four inches, Arnulfo Reves irrigates 
cotton, whet, and other crops with well water, 


sprawling shantyiown on Cabos north enc, 
far bevond the village's ability to provide them 
With hesic services like sewerage and water 
‘Ths town remin ) Vallarta a 
Lagi Tre- 
mendous growth with absolutely no planning 
Private enterprise can work miracles for the 
Viexican economy, But we need government 
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lew Years afo Coppoia told me 


mye us infrastructure. Otherwise it cloesn't 
take a genius to see the problems ahead 
(in the other band 


Mia's chronic inefficiency # 


some see Bain Califor 


mot all bad, 


































functioning as a kind of unofficial conserva- 
tion program. “One of the saving graces of 
Mexico ts that it's not perfect,” said American 
Tim Means, a soulful expatriate whose com- 
pany, Baja Expeditions, trains local guides to 
lead environmentally conscious tourists into 
the backcountry. “If gringos ran this place, 
it'd look like Miami Beac 


lHE GRINGO MIFLTTTUDES shut- 
tling down to Los Cabos today 
were just a politician's dream on 
December 1, 1973—the day the 
‘ long-awaited peninsular high- 
way, Mexico 1, paved from Tijuanato La Paz, 
‘opened for business. Atthe border between the 
peninsula's two states; Mexican President 
Luis: Echeverria led dedication ceremo- 
nies, which climaxed with the unveiling 
of a 135-foot steel-beam sculpture 
of an eagle, Mexico’: national 
emblem. Ina symbolic gesture the 
eapie was placed facing north, 
toward the Uniteci States. 
Today the colossal symbol 
of hope isa little worse for 
wear, iis Wings rusting 
in the heavy, salt- 
tinged air drifting 


California 


Discovered in 1534, this new 
land wos dubbed “California” 
for its res¢mblonce to a fic- 
Honda! island described by a 
Spanish quthor of the daw. 
After attempts to colonize it 
foiled, Spain turned Califor- | 
nid over to missionaries, who *S 
watched helplessly as Euro- 
Oly all theo dndion converts, 
Supplied from Loreto ane 
other peninsular missions, 
the padres pushed morth into 
the greener postures of Alto, 
or Upper, California end DEPTH CONT OLS 
mentually cbandoned their 
Baja missions. The 1848 Po 
treaty ending the Mexican- o 7h al 
American War divided Cali- peranteeuereserce™ ” skit 
1 Fort) 1 Perc loe: Chie). Lea, 
aida ee pn ‘Santious 


Hiss hime here 


724 | National Geographic, ELK 169 






from nearby (suerrero Negro, where the 
world's largest solar-evaporative salt mine is 
located. But no matter. The highway has 
paved the way for development and watered 
Haja’s drv-culch economy with a steady 
strum of American cash, 

Mexico Highway | offiqally begins some 
450 miles to the north, at the Tijuana border 
crossing, where each year some 13 millon ve- 
hicles-cross from one California into another, 
heading south. Beyond Tijuana the high- 
wey rambles alone the scenic Pacific coast, its 
reverié interrupted by bi 
mlugeing, in fractured English, the condomin- 
ums, restaurants, and hotels built along the 
road for U.S. consumption 

Wherever this highway goes, it captures 








boards and banners 


towns—pulling commerce away from their 
centers toa strip alongside the pavement This 
isthe contact zone between cultures, where the 
ruy al the PEMEX eas station comes face-to 
face with the man behind the wheel of the 
$50,000 Winnebago with dirt bikes and suri 
boards strapped ontop, Che language of Baja 
Californians is laced with words that have 
passed from Enelish into Spanish around a gas 
nom. You may not find the words aufo- 
pur les, parktior, carro, trocee, or ioncée in you! 
Spanish dictionary. But you'll hear them sure 
enough when a Baja Caltilomian fixes your 
water pump, tells you to park your car behind 
his truck, or invites you to lunch 

i you 
dnve along Mexico |. Viany never make it past 
the curio shops and cantinas af Ensenada, 
home to beth the Baja 1000 off-road race and 





‘Tourists become fewer (the farther out 


Lourist protection’ is on call to put visitors at 
crs tuimesstonancw paved hignwas 
to San Felipe, aqiet fishing town on the Seaol 





ease, Ut 


Cortés where residents more often need pro- 
tection from the tourists 

Recently San Felipe has been overrun bey the 
party animals of southern California, ane the 
scenron Lasterweekend has turned especially 
ugly. Said: one American visitor: “Tf Mexicans 
went to San Dieeo and acted the way some 
Americuns act down here, we wouldn't just 
throw them tn jatl—we'd close the border.” 

Dofia Anita Espinoza, the pray-haired 
matriarch of Fl Rosario, has a saying about 
this: “Bad roads, good people. Good roads, all 
kinds of people.” In ber coastal town 150 miles 
south of Ensenada, she hes watched, with a 


; by a - J a z - | a I 
twinge of regret, as good roads replaced old 
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A pringo invasion ta launched every weekend, 
ite thovwacnds of California students heod for 
Baja (an abbreviation that quictiy rankles 
Tiny native peninsulores), favoring hot apots 
like Rosarito Beach (below). Ensenada hosts 
the Baja 1000 (above), the lerendary off-road 
race run by sooREe, al. S. racing organization, 
“The peninsula ts like a crazy mixture of Alex- 
ico and the U.S.” observes a Mexion City 
native. “It’s a different kind of culture.” 
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Living off a barren land, Poipal Indian Teresa Castro and her grandson Miguel 


comb the desert for firewood near Santa Catarina. The Poipai were so isolated 
thet they escaped deadly epidemics of smallpax, measles, ane other diseases that 





spriad from mission to mission, Like her ancestors, Teresa uses a fire pit to boke 


agave, a staple of the Indian diet. “Its not easy to get food from cactus,” she 


observes. “Rut if we work ford, God gives us just enough to ive.” 








Spirits soar on Sunday in Todos Santos, where Padre Hipitito Zacarias conducts a children's 


iss in his church. Affectionatety known as “tittle father, 


“the young priest also tales Iria 


ministry on the read, driving his pickup truck to remote ranches and fishing camps, 


values with gringo ways-and dependencies, 
éeven.as they earned her little restaurant arepu- 
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talion for the best Johste 
Just beyond her 
inland, away 
out alone inte a torrid landscape of cactus and 
dust and the bones ofa thousand dead automo- 
biles, picked clean by backyard mechanics 
This i back-lot Baja California, a destina- 
tion you ll never see advertised in FONATUR's 
slick brochures. [ts symbol ta tumbledown 
, OF a heap of rusty mming equip 
ment, or a clutch of abandoned ranch houses 
These monuments to the 


door the highway turns 
from the cool Pacific, and sets 


mission, 52% 


reching. in the wind 
fabled dreams of Baia Californians bristle with 
the sound of sand carried on the hot wind, ane 
they invariably gather other things cast away, 
blocking the that blows 
across the landscape, fluttering around for- 
ever, immune to the disintegrating effects of 
rain because there is none 

For years the pavement ended just south of 


lither incessant! 


—. 


Anita Espinoza’s restaurant, and few dared to 
drive the rough-and-tumble dirtroad between 
here and La Paz, 700 mites to the south. Anita 
fondly remembers the odd collection of Ameri- 
can biologists, Baja OOO drivers, and assorted 
Wildl men who passed her door in those days 
“Those were the ones. | called heavy-duty 
Ameticans,” she said. “They'd stay out in the 
desert, make camp, eat thei W heaties. They 
loved this land with a passion.” 


American. He's 69 





, move 5 tik ike 
he’s 30, and has been scram 
bling around Baja ee 
seven, He wear 

an oli chewed an 


since he wae 
wire-rimmed glasses ane 
siraw cowboy hat, even when cooling of! mthe 
Seaot Cortés. He wasa highschool sephomore 
in 1936 when he first bounced through El 
Rosario ‘29 Morel A. And be recollects 
a trip north out of La Paz in 1948 when he and 
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a few buddies had so much trouble that after 
they reachecl El Rosario ten days later, they 
jumped out-and kissed the pavement. 

Norman told me this story in the gruff, wry, 
deliberate style that served him well during his 
veterinarian days, back when he doctored 
racehorses in Tijuana. That was after his 
snake-collecting days and before his-davs as a 
consultant at the U, 3. Department of the 
Interior. These dave he manages Investments 
from his San Diego home, serves on the Inter- 
national Whaling Commission, and writes 
scientific literature about the natural history of 
Baja California in his spare time. 

Norman, his bride Gelin, and I drove south 
one August in his Baja truck, a four-wlieel- 
drive camper fortified foroff-road travel. Nor- 
man’s truck is the only thing I've ever beard 
him brag about. “It'll drive forever and climb 
awall,” he likes to say, He was working ona 
new edition of his field guide to the plants of 
Baja California. Gelin, a former schoolteach- 
er from Mexico City, had never traveled south 
of Tijuana and wanted tosee the lara that won 
her new husband's heart so long-ago. 

As we drove south from El Rosario, we 
passed the canteen back and forth in «kind of 
trance, lulled by beat waves rising off the 
pavement. | wiped dust from the little plastic 
thermometer I'd clipped to my bag, it read 
110 degrees. The scene out our window was a 
no-man's-land of reddish volcanic mountains 
and scorched vegetation. Mars with cactus, 

“Tt's a thin line between life and death this 
time of vear,” Norman said. “A lot of desert 
plants—cholla, creosote, mesquite—go into a 
dormant phase during drought, like deciduous 
trees in winter. They die by degrees —first the 
tins of branches, then the branches, then the 
stem. The roots are the last to go, and all it 
takes isa little rain to reverse the process,” 

Indians roamed this desert during pre- 
Columbian times, he said. They hunted 
snakes to supplement their diet of beetles, 
mice, lizards, cactus pulp, and roasted agaves, 
“Tn other words,” he said, © you and T would 
have gone hungry most of the time.” 

Red meat was.a delicacy so prized that they 
customarily tied a string around each morsel, 
chewed and swallowed it, then pulled it back 
up for the next fellow. During summer they 
gorged themselves on cactus fruit, then dried 
their feces in the sun, picked out the seeds, 
ground them up, and ate them again. They 
were nomads, probably driven south into the 
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peninsula by enemies, and spent most of their 
lives on the move from one water hole to 
another— “not unlike the old Baja travelers,” 
Norman observed, 








= THE HEAT began to lose its edger 
} one afternoon near Catavinia, we 
turned off onto the peninsula’s 
‘original road, which bumps 
. along in the dust next to the 
paved highway. “That's the old road night 
there," Norman would sing out as we traveled 
along, pointing with price to some hair-raising 
stretch of switchbacks winding up a russet 
cliff. “They ought to make that road a nation- 
al monument,” he declared once. “Of course, 
you're talking to aguy who thinks the whole 
peninsula should be a national park.” 

Catavifiasits among remnants of an ancient 
mountain range, reduced now to huge granite 
boulders strewn across the land. Winds anda 
thousand changes in climate have sculptured 
these rocks into monuments to the sublime 
hand of erosion, and inthe white sands grow 
plants that match them in Size and majesty. 

This is the realm of the ciri@, or boojum—a 
tall, outlandish tree whose slender branches 
curl skyward like tentacles (page 739)—and 
the stately green cardon, its thorny trunk squat 
and gnarled as an ancient oak. Norman ex- 
plained that both species occur mainly in Baya 
Californta. and inca few small colonies in Sono- 
ra—suggesting that they may have evolved as 
the peninsula split apart from the mainland 
and started moving toward Alaska at the rate 
of some two.and a half inches a year. 

He told me this while poking around for rat- 
thesnakes before dinner, an old habit of his. 
“This is prime red habitat,” he explained, re- 
ferring to the red rattlesnake common in Baja. 
He stopped and turned over # fallen cardon 
with bis foot. He learned to hunt-rattlers as a 
bev, be said, working on commission for the 
San Diego Zoo. His hero was the zoo's herpe- 
tologist—a man so comfortable with snakes 
that he once got bit while waving a rattler 
around during an animated conversation, 

“Never been bit myself,” he mused. “Ordi- 
narily herpetologists don't get bit because 
they're always looking down.” 

“Ornithologists get bit,” he continued, 
“because they're always looking up.” 

The three of us made camp ina clearing and 
climbed a boulder, the loose-grains of granite 
crunching beneath our boots, to watch the sun 
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set. Later, cloaked inthe lightofourdying fire, 
we listened to the creak of cactuses swaying in 
the wind and warmed our bellies with tequila 
fromatincup. Somewhere outin the boulders, 
a covete wailed beneath a spray of cold stare. 
Norman and Geiin conversed fora moment in 
Spanish, the language they were married in. 
Gelinis amerciful soul, and she gave mea brief 
translation. “The most perfect night in the 
world,” she saicl, her dark eyes shining. 

“This it the stuff that keeps you coming 
back to Baja,” Norman said quietly. “The 
primitiveness, the aloneness of it. My problem 
is] never vet tired of tt. It seems tike my com- 
pass always points south.” 






OST OF THE YEAR You Can 
drive the length of Baja Cah- 
fornia from Tijuana to Cabo 
San Lacas—a journey of 
ul some 1,050 miles on the pen- 
instilar highway—and cross running water 
exactly once, at the litth town of Mulegeé 

There a trickle of underground water rises 
to daylight two miles from the gulf ane finds 
itself the centerpiece of a palm-lined oasis, [ts 
ddden appearance in aland where 90 percent 
of all rain evaporates practically on impact 
sceins 50 improbable, even bizarre, thal many 
here believe the water must originate some: 
where else, Alaska, they whisper. The wate: 
comes all the way down from Alaska 

To my mind there is no more dramatic sight 
than coming upon one of these rare green oases 
in Baja’s desert, and no regional figure of 
speech more pleasing to the ear than agua dul 
ce, Meaning water that is sweet, or potable: 
Baja Californians speak the word agua with 
love and reverence and asense of ultimate con- 
sequence, much as they say Qies, the word for 
God. “No Aey awa," a mancher will say sol- 
emnly, explaining why an entre mountain 
range is uninhabited. There is no water, Or, 
“Without agwa we have nothing,” aremark I 
heard a hundred times from the lips of farmers 
and fishermen and waiters and politicians all 
over Baja California—a land where only fools 
waste water, ancl then not for long. 

“Once there was nothing here but cactus- 
ey” cai Marco Antonio Nufiez, a farmer 
from Ciudad Constitucién, a prosperous farm 
town northwest of La Paz that gets only about 
four inches of rain a year— barely enough to 
keep acactus happy. For the past few decades 
farmers have (Continued on page 733) 
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Fast times are nothing new to La Par (facing 
pure), capital of Baja California Sur, This is 
where a ship fullof Spanish mutineers first 
blundered upon California, and where momors 
of stunning pearls brought Hernidn Cortés in 
1545 to see for himself. La Paz earned her 
nickname “Lo Perla” exporting pearls to the 
crowned heads of Eurepe, even os the rest of 
Baja California languished. When oyster beds 
died mysteriously in the 1940s, La Poor's status 
ana duty-free port and fisherman s parucdise 
drew Mexicun towrists to soften the blow. 

Tourism fos changed Cabo San Lucas at 
spine-tingling speed from a sleepy fishing vil- 
loge fo a booming resort. Visited mainly by 
tourists from the UC. $., reserts along land's end 
corned some 70 million dollars in 1988 and 
brought nearly full employment. This mews 
spread throughout Mexico, and thousands of 
moainianders howe immigrated to Cabo by ferry 
(top). Many find construction jobs, and a few 
entrepreneurs survive by selling their wares to 
beached visitors from the north, 
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rancimco Arce and his farm 

ly live a hard cay § ride 
a | fram the nearest cirt roel 
The trail te their ranch, San 
Gregornd, picks is way over 
high windswept plates and 
down loosely cobbled ari | ind. rf [= 
where even mules study their 
siens. Rach twist of this trail, it 
seems, leaves the 20th cenbury 
further behind and brings vou 
closer to the late 18th, when this 
ares was dettled by fimilics who 
staved on atter the missions 
failed. They became known as 
Cahfornios, and precious few ot 
thm remain tere it the Sierra 
San Francisco 

One morning Francisco Arce 

led the author tea tiny spring 
gurgling from a.crack in the cry 
overbed above his ranch, “Agi! 
narie dl roncko,” be said: “Here 
the ronch was born,” Ae ex- 
plained that the spring pushes 
forth even during years of 
drouirht. This, be said, & what 
sparked the ininginition of his 
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ate father, Loreto Arce, who 


came upon this place while 


Hitriling 2oals asa POUn Mah 
He deved pn way to we the 
witer—piping it in hallowed- 
ont palen logs half pa mile down 
the arroyo. There, in a few acres 
af soll that he ane his family hed 
ecraped and toted down from 
the tills, he planted an orchard, 
“Very sweet,” the author 
salt] one day, savoring the 
orange Francisco had plucked 
from & trée planted by hits 
father. "Of course,” the rancher 
replied, his eves filled with 
pride. “it ean Arce 
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Using 2 honds-on approach, biologist 
Enriqueta Velarde (left) of the Universidad 
Nucionma Autonoma de México studies birds 
nesting on Isla Rasa in the Sea of Cortes. 
Alarmed by rapid tourist and fisheries devel- 
opment in the gulf, Dr. Velorde leads a movwe- 
ment to preserve the region's unique habitats. 

Evolved in isolation, the boojum tree (right) 
grows only in Boja California and across the 
gull in Soren. 


people of San Ignacio have collected this water 
ina man-made lake and tapped it, via‘canals, 
to wash clothes, sprinkle dusty streets, ancl 
irrigate oranges and date palms. 

The Pacific is near enough that many San 
lgnacians earn their living on the water, fish- 
ing during the week, then returning to their 
families on weekends. They come home to one 
Baja town whose soul hasn't been paved over 
by the highway, and many here pass their 
leisure hours in the cool of the plaza, chatting 
peacefully in the shade as workmen whisk the 
sidewalks clean with palm fronds and the girls 
of San Ignacio, whose pranes are sung from 
Cabo to Mexicali, pass sweetly by 

[In 1716 when Jesuit missionaries first 
explored this areca, they found hundreds of 
Indians in the oasis. As they had begun doing 
two decades earlier at Loreto, the Jesuits es- 
tablished a mission colony and built a church. 

The padres ran a tight ship, carefully 
screening the solediers and tradesmen brought 
in from Sonora missions to support the colony 
They strictly forbade sexual intercourse 
between their Indian flock and these workers: 
But they couldn't shield the Indians from the 
white man's diseases, and during the 18th 
century one epicemic after another—typhoid 
fever, measles, malaria, typhus, ane small- 
pox—devastated the Indians. Between 1743 
and 1808 the native population at San Ignacio 
olunwed from 2.000 to ahundred. And by 1850 
the Indian population of Baja California— 
perhaps 35,000 when the missionaries lame- 
ecl—was all but extinguished. 

As the missions deteriorated, the lawmen 
dependent on them looked for alternatives. A 
fortunate few acquired land near an Ofsis or 
pushed north with the misstons into present- 
day California. Others fanned out to claim 
ranches in the ciry surrouncing mountains. 

Perhaps 20 of these ranches remain in the 
Sierra San Francisco (page 733), which lies 
north of San [gnacio. It is there, in the remote 
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mountainous interior, that an older—some 
would say truer— Baja California lives on, lit- 
tle changed by the tourist caravans, the high- 
way, orthe events of the past 200 years, 


EYOND THE STERRA to the east lies 
the Sen of Cortés, ‘There, in the 
cool air that lingers in the hours 
before dawn like a truce between 
the desert and the fierce vellow 
sky, barefoot fishermen nudge then pongas 
outinto the still waters of the gulf 

Depending on the season, the fishermen 
may motor out to check lines they set the night 
before—thick cables baited with hunks of 
dorado to attract hammerhead and thresher 
sharks—or to tend 30)-foot nets unfurled to 
tatch manta rays. These days they might 
instead be taking tourists out to troll for mar- 
lin, roosterfish, snapper, or yellowfin tuna— 
species present in such abundance that the Sea 
of Cortés has acquired a reputation among 
sporthishermen as the “world’s greatest fish 
trap” —implying that fish somehow take a 
wrong turn into the gulf and get-stuck there. 

The “world's greatest fish hatchery” is 
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A sea of plastic ripples across the San Quintin POpWwaDON AS VAred 


Valley, where farmers grow tomatoes using ntludes fin, blue. pray. 
ar ip irrigation SVarenLs curial mini-greenhouses 
te comeerre underground witer supplies, ojo 
California farms are consuming water much 


faster than its being replenished 


perm wWihiaes, as wellas the vagurha, ors 
ifornia harbor porpoise—an endangered 
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Nobody knows, either, how the loss of sone 


200,000 metric tons of trash fish each year 
affects the great web of life in the Sea of lortes 
But this much is: shrimpers aren't the 
only ones tukime biomass from this sea. Every 
fishermin I talked to has seen foreign boats 
fishing inside the gulf or lurking nearby, vio 
tating the various limits: Mexico has declared 


ertain 


to protect her coastal waters 


“Catch ond release” is a motto in Cabo San 
Lucas, where roughly half the martin cought 
by tourists are set free. The rest ire often cut 
into steaks (below) and given away. Anglers 
Clatm Cobe'’s legendary catches are being 
depleted by commercial fleetsa—a complaint 
echoed by fishermen on the-culf (right), 








COPPOLA'S eldest son, Luis |r., man 
ages the Fimisterra, the family's 
hotel in (abo San Locus. Also the 
author of a scathing book on gov 


emment corruption, the 41-year 





old Coppola shows plenty of his father’s vigor 
Lately he has channeled it into a bald crusade 
nganst Weral fishing 1h the witers near Cabo 
[tall started with the Pubwju 77, a Japanese 
boa! (vine the Mexican flag that put into Cabo 
in May 1983 
vealed that its holel was filled with frozen tmar- 
lin, swordfish, and corado—all species then 
reserved by Mexican law for sporthshermen 
There have been at least five other incidents 
iInrecent yeors, said Coppola, pulling o stack 


of doctiments from his files. “We have names, 
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crew lists, and registration papers, along with 
taped interviews of people who work on these 
All support his belief that Tapanese 
and Korean boats have been issued permits 
legally to fish the waters of Baja Califormia 

Even more threatening, he said, are the for- 
Huge vessels equipped with 
nrocessing plants—that steal in at night to 
plunder the billfish popar 


reeling in 30) mules of batted hooks ai 


poats 


fien lone-liners - 





ations near Cabo, 
a time 

After vears of batthng to stop these long- 
liners, Coppola and his allies may be eettineg 
some results. Three Japanese boats have been 
serzerl for fishing illegally off Baja s coast 
curing. the 
believe, the attituce of Mexico's 


vear—rellecting, 
new reiornmn 


minded president, Carlos Salinas de (sortari 


ees 


“It's a new breed of leader we re seeme 
these davs—and nota moment loo soon,” says 
Coppola. “Many people in Baja Cahfornin 
depend 100 percent on their sportttishing clien 
tele. You kill these marlin and you're writine 


‘eulof business’ on their doors.” 

\harlin may be the lifeblood of tourism, but 
ne type of fish boas caused biologists so much 
howe Leth on NA- 


concern as the Farcine fi 


ture’s menu that serves asa barometer for Lie 
rulf"secosystem. Brown pelicans, gulls, terns, 
poohies, dolphins, and miuny fish depend on 
sardines for food. 

Within the past two clecaces most of the 
Mexican SALT LULILEE incusiry, CHUL WT Eseries 
on the Paciiic coast, has moved to (suaymas 
and boats are pulling record numbers of 





Once disdained, stingrays are now sought after 
by fishermen on Ista Espiritu Sante, whose 
declining catches may reflect overfishing in the 
pull. Despite economic benefits, recent devel- 
opment threatens the self-reliant life-style af 
the born peninsular. 


sardines from the Sea of Cortes: Recently fish- 
ermen began to notice that schools. were get- 
Ling smaller, and so were the fish. Fearing a 
rash like the one that wiped out 
California's sardines in the late 19404, the gov 


population « 


frimentin 1987 beran declaring a brief, annu 
al moratorium on sarcine fishing in the rulf 

HAT WAS A STEP in the 
directinr 
larde, whose work on Isla Rasa, a 
tiny, fFuano-covered island in the 


right 
Rorigueta Ve- 


ae, A a 


Full, serves as o beacon for Mexi- 
can comservation. Dr. Velarde, of the Univer- 
dad Sacto Autonoma de México, and her 
colleague, biologist Fulvio Eccardi, along 
withateam of students, manaresearch station 
each spring on Rasa, where 95 percent of the 
word's elegant tern and Heermann’s gull 
populations gather to bree 

“Our studies had shown that the birds rely 
on sardines for food,” said Velanic. “But un- 
til three vears ago we had no idea how much.” 
‘That year, mysteriously, the roving schools of 
sardines Vanished from the waters neur Rasa 

“lt was @& disaster,” 
“Usually about 15,000 tern chicks survive to 
leave the island. That year we counted 200— 
anc witnessed whal happens when the sardine 
population sucddenty drops. [t was ascary year 
for the world's elegant terns.” 

Armed with data, Velarde and her team 
spend much of the year in Mexico City, work 


recalled Feccarei 


ing with other conservationists to convince 
povernment leaders that further study and 
Hlanning are urgently needed to manage the 
Sea of Cortés ecosystem 
“Tt's essential,” she savs. “Not 
wildhte but for those guys out there with the 
nets— Mexican fishermen 
harder ant harder time making a livime.’ 

ine of the quvs out there with the nets is 
Horm. in the tiny seaside 
Villuge-of San Pedro México, southeast of La 
Paz, he learmed to fish from his father and 
rrandfather. “Now there was a fisherman,” 
Lucero said. “He learned to fish from the 
missionaries.” 
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A tew vears ago Lucero adapted to changing 
times. He became a fishing guide, taking tour- 
ts out to fish the waters be knew so well. 

“With commercial fishing it's a big risk,” 





he said. “Maybe you catch fish, maybe no 
fish. But with ferme, you know you will 
make money. Seventy dollars a day, maybe 
more, plus tips.” Not bong age he pooled his 
resources and bought a taxi—an ‘BS Dodge 
van painted school-bus yellow, 
biack stripe around ft. asked him why 

“Because [ want to: be prepared,” he said 
cheerfully, “when. all the fish are gone.’ 

“What doyou mean?” Tasked. 

He shook bis head slowly. “Every vear the 
fish are down, down, down, The commercial 
boats, shrimpers, Japanese, us, gringos 
and 
there won't be enough to go around. I thinkin 
ten vears you come back and I'll be driving a 
taxiall the time: Nomore fishing. My wife says 
DU probably cie from lack of salt water.” 


with a bie 


everybody, We all fish, fish like crazy, 


National Geovraphic, December 1980 


WENT FOR A WALK one afiernoon in the 
desert northwestof La Paz, on the dav I 
understood Baja California best. On 
this particular afternoon a cool wind 
from the west suddenly came up. Then 
dark clouds rolling in.off the Pacific gathered 
over the Mageialena Plain, andit looked as if it 
mizhtactually rain, My wife, Annte, and [hac 
marked on acirt access road behind the farms 
of Ciudad Constitucién. On our right were 
fields of wheat, ripe and ready for harvest, 
witered from fin aquifer that each year grows 
more salty 
uninterrupted, west to Magdalena Bay 


On our left the desert atretched 


Annie and [—along with the farmers, no 
doeubt—were thrillecl by the prospect of a good 
soak. Together we walked out into the desert 
to welcome the first rain we'd seen in more 
than two months of traveling. Surely tt would 
rain any second: We could smell rain, and it 
seemed that somehow the desert. could smell it 
too. On that afternoon, in that place, I could 
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near those sun-tortured old cactuses, cloaked 
in thorns and withered hide, sigh with sweet 
anticipation. The desert was posed for rain 

Then the clouds went away, 48 they always 
seem to, and the land became very still and 
quiet. The sun shone, and again the heat was 
Clear and sharp. Hut for one overcast moment 
| had seen something as profound in ils way 


as the Virgin of Guadalupe, the miraculous 


vision in the desert that gives Mexicans hope. 

“We have many obstacles to overcome,” 
Luis Coppola had told me. “There 1s bttle 
water and even less planning. But Rajya Cali 
fornmians always find a way. We are experts at 
adapting to our surroundings.” 

With a motion of his arm he ¢ent my imagzi- 
nation wandering up the long, twisting high- 
way of hope toward Tijuana, more than 
thousand miles away 

“Take a good look around you as you go,” 
Luis Loppola said 

“This crazy desert 6 full of life.” 








Technological progress can be gauged by how humans have used the 
materials provided by nature. Now, equipped with greater understanding of 
the structure of matter, modern-day alchemists in laboratories around the 
world create new materials that are revolutionizing our times. 
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a seed truck crushed Roger Charter'’s fees 

Roth were amputated above the knee, For 
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more than a decacle the onetime star athlete 
fought for anormal life with traditional wood- 
en legs, But the hopelessness of it ate away at 
hs spirit. 

Now, thank to that resilient spirit and new 
limbs made miracles 
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Those high-tech legs comprise a tidy little 
inventory of advanced materials: knees anc 
ankles of light titanium allovs born of the space 
ie, snins ofa powertul composite af carbon fi 


bers pressed into a matrix of resin, sockets of a 


Nexible butstrong new polyethylene to fitcom 
fortably on the residual limbs 
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prosthetics firm in Oklahoma City and a pio 
neering designer in advanced materials. “The 
human arch ts like @ complex leaf spring, 
almost imnmossible to duplicate. Fortunately a 
new plastic provided the springiness.” 
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Plastics, so versatile me sub- 
isa 
armors U.S, Arms have surpassed! 
For tomorrow manu 
facturers are talking about synthetic fibers 
cousins of the plastics — bringing us sweaters 
that change color with the turn of @ dial and 
suits that change their cut at fashton's whim 
Composites, pound for pound the strongest 
of all moved beyond pricey 
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dered aside by the flashy svnthetics? They are 
countering with new blends to recapture old 


Even si 


a Mmmtertals 


markets sid concrete is blossoming. 
There: soentist out there whois 
casting cement coil springs, and another who 


—£ 3 


builta concrete (LOMMINWED On Page f2) 
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breakthrough occurs in a 
ewise Lot, ad opMnn Ss rredyr- 
netioally levitated train (left! 


onncs closer in coremne\ercial 



























reaiity. The alomonon-alley skin 
fateun an opel airliner, ind 
the avietion industry awakens 
to the threat of metal fotigue 
iis moitertals stiope our lives, 
A 1586 discovery in Aurich 
nite o household term of 
SL percnrniniet ihe ity—tne flow of 
electricity without resiatomece. 
Superconductors howe been 
harnessed for tired decors, 
but only at temperntires near 
ghaglute sera, The “Aurich team 
identified moteriais thot 
superconduct at higher tem- 
peratures, promising faster 
computers, more efficient power 


ToT 


tronantission, and irene 
electromapgnets Chat will feln 
ret Japan's 300-mile-irn-hour 
Super Moglev off the ground 





iti ths Poh oe ded hion, 


the Beech Aircraft Corporn- 

tion of Wichita, Konsas, 
bron o nen look tn avintion 
with its Stership (left). Corian 
filers (on apoocy nnotrio for 
the body of this corporate 
pissenier cline mode entirely of 
Corn peste ira feriais. 

lite plore is powored by twin 
ees beled wines that 
feature verticol-tip sails. The 
result is a croft that, although 


ic Vint wend Le tei repel iC, Lercen fare Foo! 


slower than do tet, haw better fuel 


ecomomy anil mare headroum 
thon moet small planes. 

Lomposites apcol to the oir- 
craft industry because of their 
strength ond beghiness, qualities 
hat erred them o mwrkeet in 
aports cguipment such as tenis 
rackets, golf clubs, qc aurf- 
hrs, Mot compsiies com he 
laborious iu costly) to riake 
drowhigcks that are now vield- 
Le in miittoniation. 


ee coleht up with on Aloha 
Airlines fetiiner on_April 28, 

PONAR wien the moot of the 
forword cooin tore off at 24,000 
feet, Filling ao fgiet otter 
arin Wri 6 PSs rere, 
Heading from Hilo, Howat, to 
Honolulu, the 15-year-old plane 
Mes ming ite Oe lat flight. 

Fisseneers ore seer evict 
ing ind photograph taken after 
On emergency midis on Vou 
In the foreground, metalluoreist 





James Wildey of the Notionitl 
Transportation Safety Bowrd 
holies pleces of the Roepe 7a? 
thet tell the tele: The repeated 
stress Of thousands of taleofis 
and Lownie coed the prow 
of tiny cracks ct rivet holes 
cracks that, thoweh small 
cnoueh to cescope visual jsp 
tien, led to disaster. The NTSHA 
findings prompted fresh cwire- 
ness of the volnerabiltty of 
tietils to fatiewe 


he track ts newer miucdily ot 

Remington Park ta Oba 
hema City, where the “dirt” is 
composed of polymer-<ineted 
attri puarticies, Che surtace ts 
Hind fast onl aot, repurt 
lected! jochrys, 

WVuenside polwmers, known 
fantiliarty os pliistics and ayn 
thetic fibers and rubbers, have 
profoundly chonped our mate- 
rial world. Most are built on 
corhorn molecules focreed tn 
petroheum cna ather fyadirocer- 
hoes, Wh fad reds of mew 
Mrietizs entering commer 
products onnualty. Phoir poten- 
tial is alpust limitless, sav 
chemists life Riehwrd blenvinrge 
of Du Pont: “Compared with 
metols, plostios are in their 
infoncy, wet they ore olready 
more compice, Cheer tie weirs 
nmnuigeturers fuve entinces 
them with one property afte 
unother—stiffness, [nugliness, 
tlonw refordation, lubrication, 
colar—iind we're only 


beeen. 


Hitting bolt ora rmackaar 

blast would newer bline a 
pilot wearing these copeles, 
Percioped by Sandia National 
Lahboratartes in New Meoctco 
Mode of polarized pliss anid a 
cerrame called PLAT. the lenses 
are clear when linked to a 
electric commen. A flash breoles 
Pe CIPCUIT, Tstntaneously 
blochrimg all Lipetet 

Lihtin weet and resistiare 

In heotinmdd corrasion, ceramics 
held promise for widesprea 
uae. WMoteriais scientisis focus 
cn overcoming brittivmess, i 


Drage weakness 


































are reflective (ren a barth- 
Pho mirror, ot pice 

helinatot fimises suntivnt for 
feneruting eneney at Sonia 
National Laboratories. A 
sUvercd polwmer film coats a 
Coon sete membrane atiretcned 
oer a steel! beep 26 feet in 
diameter, producing a mirror for 
iii tion conventional ¢ioas 
for easy mounting and aiming, 

Versatile plastics today 
Surpass nietois in velo etal, 
cxucerbating the waste problem 
af landfills os well ae creating 
irmiehtiy refuse along high= 
Hove, Shite fovonpnenta and 
plastics rianufocturers pursue 
if variety of sedutions. Cime ope 
preach is bo make plastics thant 
degrade, either in sunlight, bac- 
terially, or chemically, Another 
aswer la reeveling. A growing 
nue oF jaerisdichons require 
turbeide pickup or impose 
Jopostts fo encourder return 


of cmpiy containers 


Nib = a Lwmtt i Lo Fe Buin 


Determined to continue her bollet coreer 
despite degenerative arthritis, And Bethune 
stretches in her Los Angeles studio. To ensure 
mucin flectbility, Bethune helped design 
her hip replacements, shown train A ray. A 
porous cobalt-chrome coating on the implants 
permits strong bonding with bone 

seen with his son jeremiah in Duncan, 
Oriohoma, Ken Whitten uses artificial limbs 


that replace forearms lust in oa power-line 


accident. The prostheses, of carbon composites, 


use computer chips to send impulses from 
npper-tirim muscles to his new fingers. 
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(Continwed from pave 745) Wing 2hicer 

The people concocting these materials will 
tell you they are working a revolution 

"For the first time in history,” 
Merton Fiemings of the Massachusetts Insti 
tute of Technology, “we can design materials 
precisely to ft our needs, molecule by mole 
cule, atom by abem.” 

They get help from increcibly sophisticated 
Lools New microscopes reveal atoms nestled 
in their lattices almost as clearly as we see ere 


| 
observed 


inacarton, Lasers lav down atoms on surfaces 
so artfully as tocndow them with entirely new 
Insulators 


metals become glasses. Magnetic cannons fir- 


properties become conductors, 


ing jon beams harden metals ancl ceramics 

aims Fulfilling An #fee-old 
ream, computer graphics enable materials 
SHICnist= [6 stiuchy 3 1 COMMIT lex molecule on a 
screen, rotate its shining guluxy of atoms, ancl 
select where to place an additional atom for a 
desired effect 

Yesterday materiais makers were maimly 
metallurgists. Today they must.also be chem 
ists, cceramists, engineers, and physicists. In 
vou often see them staring at the 
wall: follow their careand vousee sa 
Heriackie that i 
Clements they so cleverly manipulate 

Little to their liking, these 


themselves caught up in global competition 


ae COP ye. 
rc 
LJ 


their labs 
copy af the 
tabulation of thi 


Late, voth 


scientists finel 


Japan, the Soviet Union, the major Ruropean 





(China—all are locked in t 
develop new materials and 
present the United States leads 
tn research but often lags in commercializa 
thon. Aun the stakes are high 

“Wiaterals are the building blocks of the 
futtre, Rudy Parser, former 
for the Ly Pont Company 


countries, 
Cial strug 
processes, At 


i ¢ru- 
me to 


obeyed 
research curector 
material i tomorrow's 


“Today" 5 advanced 


COM Mmocity 

“Tomorrow tan bea long time, On aver- 
foe, BG decade elapses between test tube and 
marketplace fora new material, with exhaus- 
Many deplore this 
But haste can be costly. | heard 
some of the horror stories. 

How Britain's Rolls-Royce Ltd., switching 
from metal jet-engine blades to light comipyes 
ites, went bust because the bl ades had not 
received & rigorous “goose test” to determine 
the etfectot bird impacts—and they shattered 

How U.S. Liberty ships, wel 


hey the nundrecs 


tive testing between 


ded together 
(Continued on page 760) 
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Chemists’ 
keyboard: 
the periodic 
table 


Building blocks of all matter, 103 
elements provide the raw compo- 
nents for forging tomorrow's 
materials. (There are at least five 
additional man-made elaments, 
produced in minute quantities 
and existing then only briefly.) 
These basic substances differ as 
Widely as buoyant hydrogen and 
heavy indium—twice as dense as 
lead, Gut when arranged in ranks 
in the periodic table, here simpii- 
fied, atoms of these disparate 
alements reveal family relation- 
ships that bring order to the 
physical wortd and provide an 
invaluable guide to chemists in 
their labs. 

Each key bears an elament’s 
symbol; the full name appears on 
the key’s right side. The front 
sidé lists the element's atomic 
number—the number of protons 
In its nucleus. Beginning with 
hytinogen, at upper left, these 
numbers increase sequentially 
along the horizontal rows, known 
aS periods: hellum, 2, upper right; 
lithium, 3, beneath hydrogen, and 
so forth. 

Family similarities unite ele- 
ments aligned in vertical col- 
umns. For instance, lithium and 
the five other metals beneath it 
share traits of softness, lightness, 
low meting paint, high heat con- 
ductivity, and similar reactions in 
forming chemical compounds. 
Exceptions are the elements 
known as lanthanides and acti- 
nides, smallar dual keyboard, 
whose family ties run horizontally 
(see note at right). 

Colored blocks on the keys, 
coded al right, identity some of 
the elements that play important 
Totes in matenais, Doth traditional 
and exotic. 


Hydrogen compounds similar to 
those found in petroleum and ih 
ing organisms are the foundation 
Matters of many plastiqg. 


Lithium, the lightest ruptal, finds re 
growing wee alloyed with afurni- 
num for aircraft. Molten lithium 
reacts capliosiely with water, 

Making processing dangercun. 


Abuncient calcium ip the basic 
Ingredient of cenrhent, 


Zirooniian comiined with 
oxygen fore Par feat 
fosistoar corenic, tieoonia, 
The rare éarth laniienurn was 
a Consirhent of the first high- 
Lamp hure supercomdector 
dion verec. 


Barium, & retell 
component col some high- 
ioemperatiine supercon- 
ductors, Is highty reactive; 
it to ewes foured in the 
pure state 


SELECTED ELEMENTS AND 


THEIA USES 

& SUPERCONDUCTOR 
 ceAamic 

<> POLYMER 

<> COMPOSITE 

<> ALLOY 

<> CEMENT 

Coior codes link alarents 
to categories of mcivanced 


fuilenals refered 
16 Im The text. 





LANTHANIDES AND 
ACTINIDES 
Two series of clarments ciety ine 
table's morme! order. The laniie- 
rades, with properties similar to 
thie tenant Lariam, howe two 
aiectrons in thei outssde shell 
and behave musch the same 
charnicaily, Once thought scarce, 
thay are cadled thie rare anrthns, 
The actinides, chermnécaily simil- 
lar to the lanthanides, are radic- 
active. All except uranham and 
thorium are tine in Ratna. 
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7 * _ Baryiium, attractive for arora construction because of its lightnent 


and whifinens, is toxhe nd ooris ae much an $1,500 ow 

Niegnesium otters ie greatest strangth for weight among motale Cut 

readny comodes. Iniansive maaarch is cvercomeng tie problem, 

Yttrium, found in some garnets, is aso 8 component of one 

af the high-teripersiutce superconducting materizis. 

onder metal of rocketry and jet angie, titanium 

o0ours Bio in ceramics and metal-matrix composiips, Lisetul alleys of abutsnurn 







stotectively plates other metals and is.alloyed TUN Serves es amatrix tor 
with iron and nickel to form fleiiens steel oh itditain somes yp aNG 
workhorse metal of the industrial work. 


Michel ia alkeyecd with ates! te 
: " = Wi 


alloyed with cobalt, it forma 
beat olin superalloy for 
jet enigirees. 












Thallium, a highly towlc element 8“ 
ecours in the high-temperature 





record holder among the new ar : , bteerruth 
Superconched tors. has a low matting paint 
that makers it eset! in 













liico, the stuit of stectromc 
haps, reacts with carbon to 
orm @ hoard coramic ind a So- 
free fiber ued in oornpce- 
=e. fie component of 
ieingy silhoone afastoneer. 


tural materials: in nlasticn, in 
the fiber amd matrix of com 
ramen end in daeteott pele. 
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tics and Composites, fet donate electrons 10 another 
ae Comoant! and rice Ceram share electrons, ora . 
ho. is eupental io high 








THE MAKING OF A MOLECULE 
Atoma may joln ong or mare athar 





wath asingie shell, ant the paliem 
an row One, 
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Superconductors 





EO PHIEEITS, Coe PUT Se Pee, LO Ae ee 
Las Gate Pao Tree woe. Lt he eT PY =! 2 eal pe 


A Tinkertoy maze to laymen, to scientists this 
computer graphic depicts the possible anatomy 
of a modern-day miracle: one of the high- 
temperature superconductors. 

In. an ordinary metallic conductor, such as 
house wiring, moving electrons that flow as elec- 
tric current often collide with atomic nuclet in the 
wirt, losing some momentum. In a supercondactor 
the electrons travel pathways that avoid these 
collisions, permitting them to flow indefinitely. 

The crystalline model above presents the theo- 
retical structure of the famous “'1-2-3" supercon- 
ductor, the first to superconduct above the 
temperature of liquid nitrogen (77K, or —319°F). 
The few royal blue spheres, representing atoms of 
the rare earth yttrium, are virtually blocked owt by 
atom there are two of barium (light gray) and 
three of copper (turquoise). This structure per- 
mits pairs of electrons [yellow with comet tails) to 
speed unobstructed along crystalline planes in 
the direction af the arrows. 
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Continued from pawe 752 chiring: World 
War IT, often sank with tragic loss of life 
because defective steel lost its toughness in the 
iy North Atlantic, permitting small cracks te 


PEniode into catastrophic rents 


HE USUAL CAUTION flew out the win- 
dow, though, with the recent upropr 
OVer SUDer oncuct irs 

Even in the arcane world of physics, 
SuUperCOoOnouUCT VUES stames ih a Marvel a state 
of matter in which electricity Hows forever 


Without resistance. No current is lost, no heat 





generated in superconductivit 

It does not come easily. Superconductors 
lose clectrical resistance only when subjected 
tlointense cold, Traditionally this has required 
Immersion in litpuil hehum at 4 Kelvin 

A52°F) his makes superconductivits 
cumbersome and vastly expensive, sharph 
limiting its uses. (We encounter it most fre- 
qucntiy in the costly medical process Known Bs 
MASE TeEsoOnance marine 

SICe lis cgiscovervy in IV 1, screntsts have 
searched for materials that would “go super- 
conductive” at highe temperatures 1 es 
mide littl progress until 1986, when physi- 
cist= Georg Bednorz anc Alex Millerin Aurich 
cooled i black Cet LIT nellet in ray TE lose 
resistance at JOR. Many compare the aienifi 
cance of their Nobel Prize-winning achievi 
ment to the development three decades earlier 
of the famed transistor 

scientists rushed to their laboratories, 
spurrect by the new discovery. [heir goal was 
a material that would supercontuct at a tem 
perature above 77 R—still cold, bat the point 
at which nitrogen liquecfies. Nitrogen 1s easier 
to hance than quid helium and could reduce 
Poets io oOne-LEnLA 

Lhe bednore-Milller ceramic contained the 
rare earth lanthanum—not vour everyday 
conductor—along with barium, copper, and 
avren. Bxperiment= that followed success- 
fully replaced Lanthanum with vitriun, then 
DEmULA, anc then thalhum, and steadily 
increased the critical temperature. The 
historic leap—to 90R—came with an yttrium 
COM pPounc 

It triggered a scientific Mount St. Helens 

Around the world TV cameras focused on 
coin-size magnets maricalls floating above 
superconducting ceramic disks amid mists of 
Giguid] nitrogen. Scientists regaled the press 


with visions of miniaturized SLIDE rCONMMUCTING 
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INGePETOUNn Magnes SiO 


transmis 


Milos, Massive 
ing electricity to power entire cies 
irrent WIthouULIOSss of An 


magne tt- 


sion lines Carving | 


rT F 5 E ey 
electron, Hod, Mmosal &xciiine ol cull 


witated) trains whispering across the 


cCauy ie 
land at $00 miles an hour 

Hiow tar off are such dramatic applications? 
[mpressive progress 1s beme mace, but the 
obstacles are daunting. The crumbly ceramics 
of heh LEMPETRLIULE SUpCTCONnGUC TOTS lack the 
flexibility of metallic 
rying heavy current iowa 
current point, and they cease tosuperconduct. 
Solutions lag because 
understand the basic physics involved—how 
high-temperature superconductors Work 

he fact that thes however, has 


stimulated prochiiows ellortst 


aries | rey lal k at CHFP- 


i YC | thie critical 
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dio work 
arness them 

Oneof the most intriguing artifacts to date i 
a small superconducting generator made in 
England. Ite fist-sive coll carries ceramic wite 
fabricated by Imperial Chemical Industries 
Phough years from commer 
small amounts of 


boy or— ancl fcouragemen! 


(Din Runcorn 

Lab Oni L Fenerates 
Simpl r SUDETCOROUCORE CeVice: are alien 
developed, mainly for use in PSST Ve 


Commun Ations 


eine 
electronics systems such as 
receivers and amplifiers 
“We were already in the ceramics busimess 
when the new superconductors came on the 
ead Richard Cass of Hilt 
Pennsylvania 


Cene 


et Li [r= 
“* Bualar 


with our superconducting compo- 


conco in New Hope, 
receivers 


r 


nents five a Signal at least 50 times stronger 


than copper; half a dozen of them are alreact 


being tested by the Arm 


N WHAT GHlIS!] Will high-tem DETALUIE 
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Phe advantages that superconductors offer 
tronics are notlostonthe U.S, military 
rmy, Navy, Air Force, and 
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Defense Initiatrve 


Stratecti 
have strong pro- 
crams for applications research. DARPA, Lhé 
Detense Advanced Research Projects Agenc 

tunds 47 separate projects at a total cost oF 40 
million dollars a year, The appeal is strongest 
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Wispas of vapor from frigid nitrogen 
envelop a thalliin-based supercon- 
ductor at the University of Arkansas. 
This superconductor has a rare charac- 
teristic: the ability fo suspend magnets 
both above and below tt. Possible 
applications tnclude ball bearings that 
operate with me friction. 





where launch costs of 
S10 000-8 DOUnd MnSspIre mimlaturization 
“We're going to need tremendous com- 
putational Power TH said 
Weinstock, who coordinates the Air Force 
program. “A Cray 2 computer is nol large —no 
higger than afew file cabinets, But there's the 


in space defense, 


Harole 


Spare, 


monstrous cooling svsiem, With its huge power 
requirements. Superconductors could slash its 
size and rechuce the power need drastically.” 
Computer circuitry itself offers an obvious 
narket for superconductors. Here the curren! 
would be carried by thin films, just as films of 
rod anc other conductors form the nerve Svs- 
tems of today's chips. Film experiments held 
hich priority when [ visited IBM's Thomas | 
Watson Research Center in New York 
“We're working with all three of the 
ceramic superconductors,” [IBM's 
Robert Laibowitz in his lab. “They can carry 
millions of amps 
enough to operate many clectronn 
“But it’s hard to reproduce the films reli 
Further, the make 
superconducting films is too much for the sil 
con chips they attach to. It could take years to 
work i 
So important is this technology to national 
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Tings out, bul We re making Progress : 


competitiveness that a presidential advisory 
committee has urged special collaboration 
between business, Universities, and govern- 
IGM has jomed forces with two othe: 
research leviathans, AT&T Bell Laboratories 
and MIT. Asimilar consortium links Du Port, 
Hewlett-Packard, and Los Alamos National! 
Laboratory in Wew Mexico 

The effort to tame hith-temperature super 
conductors ferments workiwice. | saw inten 
sive programs and West 
Germany. All three are dwarfed by Japan's 
ecl more patent 
applications for superconductors than the rest 
More than i 


1 i nt i I or ee. Tl caicws F . Ik 
flowed from Sumitomo Electric, fapan’s leaci- 


ment 


in Botain, France, 





Japanese ecjentists have fh 


of the world combined haw 


ing manufacturer of electric wires and cables 
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Japanese consortium headed by the renowned 


5. consortia are still organizing, aA 


phivaicist Shop Tanaka counts more than 90 
scientists In elaborate new facilities 

What about the ultimate goal, a material 
that superconducts at room temperature? No 
need then for awkward liquid nitrogen. Man, 
heliewe that if such a substance exists, its dis 
covery awaits understanding of how hich 


temperature superconducuvity works 
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Expanding the frontiers of modicing 
in Japan, a powerful magnetometer 
colled a St1D wees superconductors 
to locate neural activity by detecting 
extremely weak magnetic fields tn 
the brain (facing page). The fields 
are indicated by contours on a SQUID 
image made at New York University. 
Superconductors hold long-range 
potential for improved submarine 
detection by the military and the 
discovery of ore deposits from 
airplanes. 


DDLY it was ceramics, today's hearclline 
material, that gave birth to materials 
science same 135,000 vears ago. Villag- 
ers in Japan discovered that if you 
cooked aclay vessel, it hardened into an en- 
ceramic pottery—and 
retained its hardness ever after. Unknowingls 





finely Tres Wi substance 


these early ceramists caused atoms in the clay 
to lock tightly together, in what chemists call 
covalent and jonic bonding 

Today ceramics are riding A resurgence of 
nterest that some call the New Stone Age 
Partisans point out that compared with steel, 
Ceramics can 
more resistant to heal and corrosion 

They can. But go back again to that ancient 
shatters, Today's 
reramics behave somewhat the same. 
explained 
Victor Zackay, a materials specialist with Tel- 
edyne Corporation. "Companies have spent 


be harder, lighter, stiffer, anc 


pottery hays ee 
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“The problem is brittleness,” 


Ceramics 





Attack a ceramic with heat or harsh chemicals, 
and it remains intact, held together by tightly 
bound atoms. But in that strength ties a fatal 
weakness: Unlike a metal, the ceramic cannot 
bend to absorb an impact and instead cracks, 
often catastrophically, as seen in the above 
has found a tninute flaw, starting a crack. 
Because ceramic is unable to deform like metal, 
the crack tip rapidly wedges deeper, generating a 
stress pattern represented by the circular pattern 
The picture changes (center) when a crack 
begins in a ceramic toughened with fibers, As the 
absorbed, its course diverted, and its force spent. 
In another defense, known as stress toughen- 
ing, a ceramic containing two types of crystals 
trates, stresses cause one type of crystal to 


ilions of dollars to develop useful ceramik 
devices; and in most cases they have failed 
eceuse of brittleness: Metals, because ol 
their crystalline structure, can deform unde 
shress inslead of fracturing, and:still do their 
lab. Siress Ceramics, and their atomic bonding 
prevents the crystalline planes from sliding 
Ver each other—detorming. Instead a crack 
Bp aL: ris. nc the Dei i Fogle i itastrophicall 

“BRelore ceramics are accepted as reliable 
they must be mace so they can fail eracefull 
Chis willnot beeasy, But ceramiceoffer far too 
par hey iivantages to discourage trving 

Che driving cream t& the ceramic encine 

“Ceramic engine parts offer enormous ad 
vantages over metals,” said Richard Allieeroa 
of the Norton Compan, i Massachusetts 
research and development firm that already 
markets ceramic ball beannes Eneines 
would run more elficenthy i they could run 
hatter, But metal! wow mek: insti ic we Tn 
tall costly radiators to wet rid of that valuabli 
heat. With ceramics we con harness the heat 
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Here, where pottery began, govern- 





ment and industry have poured 
money into ceramics development 

The Japanese also have kindled intense 
CTass-TOOts INLGTest, RNOWD 25 C&Tamic level 
Phe fever traces im Dare ta the relentless drive 
ol the Kyocera corporation, the leading mak 
ackages for computer chips 
Wwe Saw @ need to stimulate public accep 


tance of ceramic’ to helo drive incstry, 
Rvusho Nagar, Kyocera 5 cinectort of interno 


hiong! afttoirs We beran orelucne consuim 


er items—ceramic scissors, ballpomt pens 
sushi knives, Meanwhile MITT, the Minit r 
f International Trade and Industrs rit thi 


Fine Ceramics Center. The fever spread. 
1 F y i Fi 
With Kvocera chairman Kazuo lnamori, | 
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his Kyoto headquarters: scissors made ol 


Helping hands in the fizht against diseuse, 
forms made of porcelain are used in manufac- 
turing medical yioves ata plant operated by 
Ansell Incorporated in Dothan, Alnbama. The 
ceramic fingers’ resistant surface and uniform 
Hew transference permit high quality 

control as the forms travel on o chain through 
vote of totes ona on to curing ovens. 
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The cutting edge of ceramic technology ts 
found in fapan, where both business 

ind government pour money into research. 
LAaght easily shines through the porous blade 
of a zirconium oxide knife made by the 
lapaness: Kyocera Corporiution 

A microscope photepraph (bottom) shows 
that the Kyocera blode, at right, has o cutting 
edge smoother than that of a top-rated steel 
bnife mide in West Germony. Althoweh it 
is keener than conventional knives an 
sehiom needs sharpening, the Kyocera knife ts 
brittle, a shortcoming that is the subject of 
continuing research. 

Wot oll avances in cermmics ore recent, 
Beginning 40 years ago aluminum oocide, or 
dluminag (facing pare), wos weed for improved 
Spark piug inawiotors demanded fy fugit 
COMpPression engines in cars and airplanes. 
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charger rotors being built for an experimenta 
[suzu diesel The were made of silicon mi 
tride, increasingly the ceramic of choice 

“we minimize brittleness ty quality con 


rol,” said Mr. Inamori. “By a precise mix o! 


OMT Wea Geers ders, ith t lieu Tims REO Tee 


Ol CON LAMINALON 

Vir. ae ane | toured a KRvocera plant 1st 
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num oxide ceramic—that would become tooth 
Implants anc microchip wafers. I stroked a 
slab bigger than my notebook 


lo she ceramic auto parts inaction, photog 
rapher Chuck O’Rear and 1 followed thi 
ithed Mount Fujito Yoka 
ramic Research Institute. 
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spun the Ceramic argund Isuru’s test 
track, anc it handled nicely, But it gave trou 
ble starting. “Ceramic engineering is’ 
freult,” acknowlectred Mr. Kawamura 
Another Japanese part 
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Antismog pioneer Rod Bagley of 
Corning Incorporated holds his 
Pention, Hur ceramic honey 
comb ased in cotulytic convert- 
ers. The highly porous device, 
impregnated with chemicitts, 
converts the farnmful pases in 
engine echoes fo nonpillitares, 








Bold innovator of the Japanese 
ceromick tnidushy, Aerts 
moor (left) dinplaysiin drte- 
mobile turbine rotor made bry 
the compiry he heuds, the 
Asoc Corporction. The silt- 
oon nitride retor con withstand 
the high temperatures produced 
hy drew pene rdtion of pas 
turbine engines, Leery of relying 
teo heavily on semicondinctors, 
the iidustry mainstay, [nacmeort 
hits steered Aovocera into such 


fields as ceramic pemetones ond 
biologioal iriplonts. 

Carrying a power plant ts ne 
problem for Matty Holtzherg, 
president of Polimotor Research 
(above). Ais four-cylinder cor 
cngine ta made of resin-basacad 
composite plastic. Holizchery 
hopes to interes! Detroti with 
performance and econancy, fig- 
uring that he can sell fois enpine 
blocks for half the cost of those 
mide of frees, 
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Unfamiliar technology will lie 
under the hood af America’s 
cerumic automobile (right) 
when it takes fo the rod, per- 
hopes in the year 2000. In place 
of pistons, hwo gas turbines 

of silicon nitride will provicte 
mower. With other ceramic 
narts shoring the high- 
fomperoture arco, the car will 
ron ata hot 2500°F, promising 
foel efficiency and emission re- 
ductions. General Motors’ Alli- 
fons Turbine Division has 
hotlt three such teat engines, 
Phe Garrett Auciliary Power 
Corporation is testing an alter- 
nohive cermmic gas turbine. 
Heth programs ire funded hy 
the Departement of borer yy. 

A range of advanced muateri- 
als, color coded at right, are fea- 
tured in the turbine engine ani 
Ino ceneric cor body of today: 
(I) gasifier ond power turbines, 
(2) air compressor, (2) combus- 
tor, (4) regenerodtor, (3) molded 
holy panels, (4) sealed head- 
Lois, (7) bopper, (4) ren 
forced tire belm, (9) broke packs, 
(10) dishbodurd, (11) safety 
glass. 
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An experimental [suru tests 
whit mov be the world’s most 
oivanced ceramic cute engine, 
Its dozven-pliis ceramic parts 
include pistons, cylinder ners, 
volves, ond horhocharrer. 
Lighter and mare heat foleros 
than metals, cenoiics perniut 
hie engine to run. hetter—there- 
fore more efficiently —and iho 
cwey with the radiator. Me cor 
hes Llogred more thon 3000 
miles of high-spend test driving. 
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Like gems in a necidace, molecules of Kevlar fiber 
form long straight chains, producing a substance 
five times as strong as steel by weight. In the 
loops into the foreground from a rank of identical 
molecules, aligned from upper right to lower lett. 
As revealed in the looping chain, each molecu- 
lar cluster centers on a ring of six carbon atoms 
Around each carbon ring hover atoms of oxymen 
[red), hydrogen (white), and nitregen (tue), In 
such chains thousands of molecules are linked to 
form a macromolecule of synthetic polymer. 
Polymer-fiber technology, known to man for 
only half a century, has served the weh-weavin 
spider for eons, with a basic difference: The 
spiderweb offen is many times tougher than 
Kevlar, Many of nature's most common 
creations— bones, trees, seashells — possess 
a sophistication that defies duplication by 
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in 1907 Belgian immigrant Leo Baekeland 
invented Bakelite, a hard synthetic substance 
for making billiard balls and wire insulation 


Base 


But Baekeland cid not completely understand 


a 





complex chemistry he exploited 
Phat trimmph fell to Du Pont chemist Wal- 


ace H. Carothers. In the 19405 he combined 


carbon. hydrogen, nitrogen, and oxvren—the 
asic ingredients of vou and me—tinto long 


molecular chains, Neoprene and ovlon were 
the resulis—the first wholly synthetic mate 
rials ever made by a knowing manipulation of 
molecular structure, hey launched the mat 
Mus revolution that now reshapes our world 
“Our bunching units, explained Du Pont’s 
Dr.-Pariser, are sunple carbon-based mole 


ules AOOWH 715 TNONOMErS, ceri ec [rom ctl, 
natural gas, and coal. With the help of cata- 
hats we connect monomers into long molecu- 
lar chains known as polymers, The shape ofa 
hain helps determine a polymer's properties 
With KReviar, an aramid fiber, the mole- 
cules le straight, giving streneth ancl stiffness 


In synthetic rubber they're a tangle; stretc! 
them straight and the Y iry to ¢ url Up again like 
rubber bands, giving springiness. 

Lompétitionis ketn in every area of maten 
als development. But nowhere i< it ns fierce as 
in the group of polymers called plustics 

Today 60,000 different peste vic for 4 
place in the market. Rach week stx or 40 new 
ones. arrive at Underwriters Laboratories out 
side (chi apo, here nici testing tor {harm- 
mahbility and other properties qualifies plastics 
for component= of UL-listed products 

Roy targets, naturally, are Detroit's aut 
issem Ll limes, which feed so heavily on 
Inelads and ginss. AtGE'’s Application Devel 
pment Center in suburban Southfield, a dis 
play of Plastic car parts—fenders, bumpers 
ontral pancis—peered like safan trophies 
[rom a lobby wal 

“One-ol our best known successes is plastic 
headlamps. Sed Adgilel Hop, the ¢1 Tre rs cli 
rector. “Most Ford mocels use our integrated 


Lexan units.” He referred to GE's renowned 


Low-thing addition to the Oklahoma City sky- 
tine, the seven-story Myriad Gardens Cryvstal 
Brides is sheathed in more than 3,006) 
(ouble-paned sheets of a durable acrylic plastic 
cilled Pxohite. The 224-foot-long conscretory, 
here lit by interior strobe lights, houses a col- 
lection of palm trees and other tropical plonts, 
a .35-foot-high waterfall, anid a skywalk 
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A short but safe distince is maintained at the 
Houston 400, where a boy peers ata jaguar 
throvueh a pone of a tough plastic called Levon, 
the same material widely used as bulletproof 


“tlre” in the vehicles of dioniturtes, 

A bulletproof vest mode of Kevlar fiber saved 
the life of Nashville police officer Richard 
MeRKee, who holds his son, Weston, with an 
arm soorred by buckshot ftred from a sawed- 
off shotrum I2 years ago. 

A dinmmy studded with 122 heat sensors 
weors @ fire-resistant oilitory flight sutt mode 
of Kevlar during tests at a Du Pont Company 
laboratory (fucing pore). 





see-throug 
protection to the Pontiff in 
Viore recent breakthroughs for the auto indus- 
try are thermoplastic bumpers and fenders 

But the plastics people admit to problems 
Plastics can cost a dollar or hwo a pound, while 
metals cost pennies. And in the cutthroat auto 
business a difference of pennies makes deci 
arts don't always 
work a one-for-one replacements for metal 


1 plastic that also gives bulletproof 





ais Popemobile 


sions. Further, plasti 


IACH YEAR U.S 
million tons of plastics —half the ton- 
nage of the nation's wheat crop. Thirts 
percent goes into packaging—the myr- 
iad bags, bottles, and boxes that find niches in 
every environment from 


wave. Par too many of these find a final niche 


companies make 30 





freezer to tmictit- 
inlandhille or on the roadsile 

Are the manufacturers responding? 

They are, alone with a score of concerned 
The major debate 1 not 


whether to act, but how: Should plastics bere 


state legislatures 


quired to be degradable, like paper? Orshould 
they be recyclable, like steel and aluminum? 

Your average plastic container will linger 
on the roadside perhaps two centuries before 
those Hight polymer molecules break down 
How to basten this? Research takes three 
approaches: biodegradability, in which @ nat- 
ura) aciditive such as comstarch gives bacte- 
ria a toehold; chemical degradation, in which 
acichitives cause the plastic to crumble away; 
and photodemradability, in which the 
ultraviolet light attacks the molecules. 

But degradability can weaken plastics. And 
environmentalists question the effects of de 


roms Bos 





sun's 


cay residues: Degradability also could conflict 
with recycling, now gaining momentum 

To foster recycling, which now recaptures 
ess than one percent of all plastics, nine states 
have laws requiring a cleposit on p 
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astic bot- 
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lection of plastics, now law in Rhode Isiand 
Recycling gets.a boost with a jomt venture 
wv Du Pont and Waste Manarement, [mn 
Next spring Du Pont will open the first two of 
ive planned recycling plants, with trucks 
10 million pounds a year 
GE. is pushing both reusability and recy 


delivering an initia 
cling. Harking back to the days of milk bottles, 
the company produces Lexan resm for milk 
ontainers that some dairies will buy back 
from the 
tied to the expectation thal thermoplastics will 


customer. 9b. & frecvclineg effort 1 
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w materials in autos and 
Last October Gk, opened a prototype 
‘the eventual 


Svall some Years down the 
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car bores 
van—that fit 
steel frame. 
often are called the most versatile 
material. Part of the promise: 

BopyY [MPLANTS. All too many of us will 
nolymer part In ws Somedmy 
the soft springy polymer developed 
oy Dow Corning, already re 
finer joints and forms a base for bressl recon- 
struction, When littl Jessica McClure was 
trapped fortwoandahalldaysina 
and suffered 
balloons stretched the adjoming 


recyclable plasti 
convertible, pickup, 
interchangeably on the owner 


Polymers 


have a Silicont 
plnstomer, 


places arthirit 


Lexis W ell 
calix one 


skin umtil it 


severe hedcl abrasions 
icntto cover her wounds 

[|] OpProrLecrrRonics. When electronic cir 
cuitry Jight-activeated devices, 
iat 
explained 
Lniversity m 
cule 
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polymers could provide the switches. 
moves along the choin molecules,” 
arb of Wright State 
Dayton, Ohio, “Polarizing polymers 


ewitch the light on and off | 
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membrane 
Orange juice ca4r 
Du Pont has a 


build such 


MEMBRANES, The 
used for 


Same polymer 

frozen 
remove Salts [fon Seawater 
Suid: Arabia 
Alipect 


membrane tasene 
Industrial acics 
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joint venture with 
a desalination facility 
Signal Corporation uses 
that 
would otherwise escape inte the environment 
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at the University of California it 
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stronger than 
steel by weight, composites are light. And their 
use 1s growing by leans and bounds 

useful things are made of 
‘explained Frank Ko of 
Drexel University in Philadelphia, “A tree is a 
Mm enihic ent composite, with flexible fibers o! 
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Materials Reshaping Our Lrve 





al Van 
herw ise 
Israclite builders knew this 
Exodus 5 telis how 
doubtless to blunt 
acks that plague drying brick 
Many of us first met man-made composites 
sure equipment: the fiberglass boat, the 
fiber-reinforced tenmis polf club, ofr 


on composites. 


(Composites enjoy 
tage: The fibers deter cracking in ot 
brittle materials. 
in Ole Testament times 
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extraordinary strength and lightness —and on 
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Strongest of materials pound for pound, compos- 
ites draw most of their strength from their hidden 
fibers, These come in many types and can be 


arranged in various patterns. The cheapest and 
most used are short chopped fibers (above, at 
left}, Often made of glass, they jumble randomly 
ina plastic matria (hla shading). Such fibers 
strengthen fiberglass boats. 

Far greater strength results when fibers are 
long and run in the same direction, at center. This 
is nature's way ina tree, whose long fibers of cel- 
lulose align ina rigid matrix of lignin. Thin layers 
of parallel fibers in a matrix often are laminated 
to form strocteral components of aircraft. 

For additional stability, engineers intertwine 
right, by braiding or weaving. Such interlocked 
Strands strengthen composite skis, golf clubs — 
and ightweieht rocket laanchers, More complex 
patterns produce shapes with enormous stremh 
in all directions. 


Lightness and strength endear composites 
to those who make things fy. The master artist 
in this mediton i designer Burt Rutan, whose 
Ji-composite Vovager arcled the clobe with 
ut refueling in 1986. Rutan’s composite kits 
for forme tinal L MOS TAYE GET ASS mi ict wo 
thousands of U, S&S. garages. He also helped 
esi Beech Aircrafts Starship. the first-all 
Om posile corporate plane 

Whhtary aircraft and commercial airliners 
have clung longer to metals, but here too com- 
THISILES fire gaining, especially with fighters 
and helicopters. ‘The F-1]4, F-15, ond F-16 

composites for the empennage, or tail 
feathers,” said Tobey Cordell of Wright- 
Patterson Air Force Base in Dayton. “The 
next generation of Air Force craft could be 5 
percent composites 

AL the vast MecDonnell Dewelip assembly 
nlant in St. Louis, some 70 fledgling firhters 
Were sprouline COTM posit Ha raagee Chey 
ncluded F-las, PF /A-1 8s, and Farrier [is 

Phe tubby HArrrers ¢; weht my eve. ~ Phe 
Marines wanted to double the range of the 
Harrier to give better support to erown 

A presicient of 
production operations at McDonnell Airernait, 
ir McAir."” Improved Rolis-Royce engine 
could increase the power, but still the vaunte 
fighter was too heavy for the neeced range o1 

ire te| Cinly oc MmpOosies cou nee! of 


‘nourh weight without sacrificing stren¢th 


troops,” said Gerald Ennis, vice 
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unusial in that it thrives on heal 
Where most other materials soften as tempera 
tUres Tse, Carbon-tarbon tenaciousiv ero 
LTroOnerer Is iit has Aa Moris! enemy, Cire] 
| | 7 ria TS. 7 7 Ta 2 T - 
Heat it in wir and it deteriorates. One cure isa 
orotective coating, usually cerami 

bwOC SUTDTISINEIY, COAL CArbon-carpon 1s 8 
favorite Of Spacecraft SnG@ Mleslie muakers 
xe wut fi ii, - 
WHOSE DTCC EnOuUre LOTMeENLS Of Neat 

We're making 101 different hot parts fi 


Sinews of @ composite of Kevlar ariel gloss fibers 
form the shell of a miniature racing car being 
werent With a braiding machine during o class 
project at Philadeiphia'’s Drecel Universtiy. 
While being lowered to the crowned front a lab- 
oratory window, the our fot an unplanned test 
of tte toughness when ut accidentally fell two 
stories to the sidewalk, [twos unharmed 
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nickel aluminide, a new metal that is extremely 
The pattern at left illustrates the orderly alter- 





To eliminate boundaries vulnerable to heat in 





crystals and a snug fit at clean thoundaries. 
out in an orderly lattice, as happens with glass, in 
lies of strength, conductivity, and magnetism 
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the new space shuttle Endeaver,” said Gar- 
land Whisenhunt, a production. manager for 
the LTV Corporation neor Dallas, “The lead- 
Hie lees of the wings reach 2600°F. During 
recniny the astronauts see them glow.” 

Here ai the LTV factory technicians were 
cutting Mies of woven fiber and stacking them 
for the shuttle’s laminated leading wing edges 
Slowly astack erew, wotil a final fabric sand- 
wich stood 38 plies thick in places. ‘Then the 
stack disappeared into an ovenlike autoclave 
for curing. Afterward it woule be snaker four 
times tn. alcohol and recookec four times, den- 
sitving the carbon matrix. Next would come a 
ceramic coating to Protect agamet oxygen 

This laborious process helps explain com- 
posiles costliness. Automation has proved 
difficult; only human hands canreliably layup 
thase floppy plies. This shortcoming reported 
ly has been partly solved atthe Northrop Com 
pany in maxing the composite B-2 “Stealth” 
bomber. The process still is classified 


HAT IF you could braicl your fibers 
in a three-dimensional pattern, 
like the strands of a rope? That! 
would get rid of the tedious lami- 
nation process and the threat of delamination, 
WHICH 15 RIWEYVS 2 WOITY, 

The industry is moving fast in this direction 
A. ginding force is Drexel's Dr. Ro, whose 
Ingenuity with fibers has spread its web world 
wide. I followed a thread to the Atlanti: 
Research Corporation in Virginia 

“Frank Ko helped us set up in 3-D braid 
ing, sad ARC's Jerry L. Fields: “Our initia 
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for the Strategic Defense Initiative —but ap 
plications ate doubling every year.” Richard 
Brown showed me ARC's newest cost cutter 
i high-speed braider developed at North 
Larolina State University that handles 9,000 
hidber ends simultaneously, doing in one hour 
what takes a manual braider a week 

such advances are leading the new compos 


thes inte punishing arenas that are becoming 


Sudden collapse of a hundred-foot-long section 
of the Mianus River bridge on the Connecticut 
Turnpite in June 19839 was attributed in part 
fo rusted girder connections, With 195,000 of 
the murtion ss 576,000 bridges considered struc- 
turally deficient, highway engineers hope for 
progress in the development of noncorroding 
cntings ond substitutes for metal, 
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too hostile for most metals: pet engines and the 
National Aerospace Plane, or A-30 
H the remarkable +- 


is not a certainty —it will launch America into 


-O ever thes—and that 





the era of hypersonic travel (following pages. 
Attaining orbital speed sof 17,000) miles an 
hour, it will subject materials to stresses 01 
unprecedinted ferocity 

Jet engines, properly called gas turbines, 
have demanded miracle materials sme they 
first flew tn World War IL. Thev are extraordi- 
nary machines. Pratt & Whitnev's powerful 
F-100 can propel an F-15 fighter straight up 
ata thousand feet per second. Yet military and 
commercial jets must perform flawlessiy, “1 
something 20e5 Wrong, enginee;rs like lo say, 
“vou can tgo off and park on a cloud, 

Jet engineers turned to titanium for light 
ness, then to superalloys of nickel and cobalt to 
handle fierce temperatures. Even so, turbine 
blades in an engine's “hot section” 


air-cooled or they will melt; this waste of heat 


Must oe 


and oxygen slashes combustion efficiency. 
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An ambitious government program aims to 
double engine performance by the year 2000 
Composites dominate prospective materials, 
as they do forthe X-30. Ina handful ofleading 
laboratories lsaw newborn Composite materi 
ols that someday will reign in sky and space: 

At United Technologies Corporation in 
Connecticut, a glass matrix prips silicon car- 
bice fibers to form the composite Compelas 
Strong anc heat resistant, tt holds promise 
both for engines and girframes 
CL] Textron of Massachusetts encases continu- 
ous silicon carbide fibers of 16 own manulac- 
ture ina powertul matrix of htanium— part o1 
the family of materials known as metal-matrix 
composites. A strong candidate for the X-30's 
chin or tkheleton 

Martin Marietta Laboratories in Baltimore 
is perfecting the A-1) process, in which micro 
narticles of itanium cdiboerite, lormed chemi 
cally in a titanium-aluminum alloy, create a 
composite that withstands prolonged heat 
Another A-30 possibility, 






























A new generotion of materials will fly 
that will pioneer hypersonic travel, 
erhaps in the lote 1990s, Engines 
guiping liquid hydrogen will carry the 
croft te cruising altitude abowe that of 
Jumbo jets or the Concorde, A small 
rocket will then propel it to escape 

acity of 17,000 mph (Mach 25) and 
into orbit near stuuttle altirude. 
rexiching 3000"F, leading wing edges 
muy te of a corbon-caorbon composite, 
coated with cerumtic to guard agent 
bc Siam vii batch 
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[-) Lanzide Corporation of Delaware holds 
patents on an ingenious process in which mol- 
ten metal, penetrating o fiber preform, reacts 
with a gas to form a ceramic matrix, producing 


| densified composites that require littie or no 


shaping. For jet-engine parts. 

C1 SEP, France's Société Européenne de Pro- 
pulsion, boasts a ceramic-matrix process that 
is the recognized leader for making larie, high- 
temperature engine parts. Du Pont has the 
license for the U_ 4S. market. 

To retain the advantages of composites but 
reduce problems of shaping and densification, 
companies often turn to short fibers that can be 
batch-mixed with the matrix. 

A growing number of automobile 
y, flat parts —hoods, doors, roofs—are 

? reseed from sheet-moldmg com- 

pound, a plastic reinforced with 

inch-long gloss fibers. This technol- 

ogy began with Chevrolet's Cor- 

Vettes and now is much improved. 

Smaller fibers; grown as single 

crystals, are known as whiskers. 
Advanced Composite Materials of 
South Carolina mixes whiskers ce- 
rived from rice hulls in a ceramic 
matrix. Because of the compatibility of 
whiskers and matrix, they form acompos- 
ite that is strong and tough—a historic defeat 
for ceramic bnittleness, 

These «silicon carbide whiskers are minute 
— shorter than the thickness of a human hair. 
“They pin ceramic crystals together just like 
nails join two boards,” said Paul Hecher of 
Oak Ridge National Laboratory, which devel- 
oped the composite. 

At Wright-Patterson | saw what may be- 
come the perfect composite—now merely an 
embryonic goo in a beaker, “The polymer 


molecules are tiny rods,” explained Tobey 


| Cordell. “Dissolved in a solution, they could 


potentially be processed into seélf-reinforced 
finished shapes —the ultimate composite.” 


BAD TIME, one might say, to be in the 
metals business: plastics invading, 
composites on the march, ceramics 
i poised to strike. 

Butin the tradition of challenge breeding re- 
sponse, steel and aluminum are fighting back. 

Steel has reversed its retreat from the auto 
assembly line with alloys whose stiffness al- 
lows them to be stamped out with remarkable 
thinness, slashing weight. 
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aluminum companies, led by 
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Lightness and stiffness make them 
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Fledgling cagle of the atrwoiys, a half-size 
model of the Department of Defense/NASA 
Notional Acrospoce Plone, or A-30), rolls owt at 
Virginia Polytechnic Inatitute in Blocksburg. 
Built by students, itwas shipped to the 1989 
Poris Air Show for display. 


Miraculously the hulk landed with 
f only one life 
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minimal energy at low temperature. A-super- 
plastic ultrahigh-carbon steel invented by 
Oleg Sherby of Stanford University, forexam- 
ple, shrinks five costly operations-into one. 

[] RAPID SOLIDIFICATION. Spray molten 
metal in a cold environment, and the tiny par- 
ticles cool ata breathtakingrate—a million de- 
grees a second. Known as rapid solidification, 
the process freezes the atoms in place before 
they can align in a crystalline lattice. “RS cre- 

ales a new state of matter,” said Nicholas 
DeCristofara of Allied-Signal, “metals with 
new structures and new properties of magne- 
tism, strength, stiffness, and heat and corro- 
Shon resistance.” 

RS appears poised for explosive applica- 
Hon. Allied-Signal has invested heavily in a 
Magnetic tron alloy now being installed in the 
nation’s 40 million transformers; the annual 
energy savings may reach three billion dollars. 
Pratt & Whitney is introducing RS super alloys 
into jet engines and the power system for the 
X-30, The process could hanish problems 
associated with using beryllium and magne- 
sium — both much lighter than aluminum. 

CE MECHANICAL ALLOVING. Ina convention- 
al alloy two or more molten metals combine to 
form a third, different metal, Mix metals cold 
and pulverize them, however, and they com- 
bine, yet retain their individual properties 
This is mechanical alloying. The novel pro- 
cess, pioneered by Inco Allows, already pro- 
duces some of the hottest parts for jet engines. 

An irascible family of metals, so brittle they 
can shatter if you drop a wrench on them, is 
gaining favor with engineers who value light- 
ness and heat tolerance. These are the inter- 
metallics, chemical combinations of two 
metals, such a5 titanium and aluminum, that 
form acompuind unlike either individual con- 
stituent. “They're moving up amazingly fast 
and could fly.on the aerospace plane,” said 
Donald Shockey of SRI International. 








BAN A SUBSTANCE as weak as uncooked 
~ Spaghetti be the world’s number one 
structural material? Cement is that 
' Weak, ond when mixecl with sand and 
erate’ it is Indeed number one—the concrete 
of our buildings. Each year the world uses five 
billion tons. 

“Concrete 1s 3,000 times more brittle than 
steel," said Derek Birchall of Imperial 
(Chemical. “Yet nature, using calcium salts 
similar to thease in cement, makes extremely 
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tough objects —seashells, ivory, bone. We've 
learned the secret. 

“In shells nature uses a polymer to unite the 
calcium carbonate particles so they pack tight- 
ly, without voids. We discovered that our 
cement was full of microscopic air holes left by 
water during curing. By adding a polymer 
lubricant, we came up with a doughlike 
cement you can mold in all kinds of shapes,” 

All kinds indeed, Dr, Birchall strummed a 
cement guitar, bounced cement coil springs on 
his desk, shone a light throuch a sheet of 
cement as thin as paper. 

Suppie canes made of concrete already 
navigate lakes and streams. On gossamer 
wings of concrete reinforced with fiberglass 
mesh, a hang glider built by Robert Wheen of 
the University of Sydney in Australia has 
mace its maiden manned fight, 

The traditional concrete is a composite, 
often strengthened by fibers of steel reinfore- 
ing: bars, This is the stuff of buildings and 
bridges. When bridges collapse, the cause 
often lies in corrosion attacking the rebars 
because of an electrical reaction with the con- 
crete—a process greatly accelerated by use of 
de-icing salts, 

Collapses occur in the United States all too 
frequently—and often with loss of life. Of the 
nation’s 576,000 bridges, 135,000 are consid- 
ered structurally deficient. “ Bridge deteriora- 
tion is one of the largest problems facing our 
transportation system,” said Damian Kulash 
of the Strategic Highway Research Program. 

E.poxy-coated rebars now help fight salt cor- 
rosion, Low-porosity concretes and glass-fiber 
reinforcement are under development. The 
state of Missouri has taken the lead in a prom- 
ising technology known as cathodic protec- 
ton, m which a weak clectric current draws 
corroding ions away from the rebars 


HAT ABOUT making materials in 
spacer Would orbiting laborate- 
ries open new opportunities? 

Unquestionably. But I found 
less-enthusiasm than I had expected. A prob- 
lem is launch costs. Call it the Rumpelstiliskin 
syndrome 

"Hf the legendary Rumpelstiltskin were to 
take up straw in the shotthe and fulfill his 
dream of turning it to gold,” said Frank Lem- 
key of NASA, “he would lose money. Trans- 
portation is too costly. Only a few photonic 
devices and pharmaceutical materials could 
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A shower of strenecth roins down of Britain's 


Hanwell Laboratory, where o beam toughens 
the surface of a racing-cor crankshaft by 
implanting a thin lover of nitrogen ions, Tits 
Yocum chamber process eliminates the high 
heat of conentional hardening techniques, 
which can distort the metal being treated, 4 
they begin te prove their value, such achieve 
niente further whet the appetite of researchers 
Who sec an ever broddening horizon o7 pos- 
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Chain saw in hand, independent logger Guy Hanson treks 
Mount Baker-Snoqualmie National Forest. Clear-cut patches 
marching toward Mount Rainier once held 400-year-old 
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evergreens. As old-growth trees disappear, citizen groups and 


government officials debate how to preserve Washington's 
natural resources while feeding an expanding Pacific market. 
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Land of plenty, Washington's virtually trecless 
Palouse, cust of the Cascode Range, rolls in 
waves of wheat. Ite rich, deep topsoil produces 
some of the highest nonirrigated wheat yields 
per acre in the world. But there is a price fo 
pov. Natural erosion combined with surmnmer 
following and poor plowing methods in the 
past caused rapid loss of critical amounts of 
topsoil To combat the loss, farmers now divide 
a slope into two different crops and leave resi- 
duces on the surface, reducing exposure ty the 
forces of nature. Most of the state's soft wheat 
goes to Asian buyers, such as the Korean trade 
teamnt (left) touring Merle and Dovid Harlow's 
3,000-acre Polouse wheal ranch, Washington 
actively courts Asian markets for many prod- 
ucts, including apples, beef, and cherries, 
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“ ASSAULT ON JAPAN is being 
| planned in the cty of Wenatchee, 
in central Washineton, down by 
the railroad tracks, where the 
warehouses are. In this war 
| cherries are bullets 
anne: are bombs. As president of the Chief 
Wenatchee fruit growers’ cooperative, Ted 
“acher is one of the generals. His uniform of 
a Saturday was jeans, knit shirt, and a big 
silver buckle with an Indian visage— Chief 
Wenatchee, of course, 

I was in his office when the phone rang 
" Haraca-san!” he said. “Where are your 
Seattle! Can we have dinner?” 

Would 4acher-san drive 140 miles across 
the (Cascacle Range to entertain his caller, rép- 
resentative of a Japanese trading howse thal 
already buys Chief Wenatthee cherries and 
might someday buy apples and apricots? Is 
there a dam on the Columbia River? You 
betcha, as Washingtonians say (especially in 
eastern Washington, where the kinship with 
Idaho and Montana is strong). 

In this; Washington's centennial year—it 
became the 47nd November 11, 
1889 —the gaze of many Washington business 
people is fastened upon the Pacific Rim. They 
court not only the Japanese. Regard, in the 
rich farming récions around Chelan and Yaki 
maand Pullman, the delegations from Korea, 
Hong Kong, Taran, even Thailand and Sin 
Limousines whisk them to view or- 
and packinghouse. Washington 
ls the world not only fruit but also dry peas 
(India curries them), wheat (to Italy for pasta), 
and potatoes (everywhere for fries), This is a 
state of hucksters—vou betcha!l Products 
worth 55 billion dollars pass through its ports 
Ina food year, and international trarle pays 
one jobholder in five 

Chie! Wenatchee has shipped cherries to 
Japan for a decade, though the fruit must be 
rigorously fumigated to satisfy Japanese agri 
cultural officials. These stern gentlemen sav 
thai they are protecting Tapanese orchards 
from insects and fungr the American view 1s 
that Jananese growers constitute a formidable 
lobby indeed 

Even tougher restrictions protect the apple 
tards from foreien contamination—and 
competition—one resull being that the Japa- 
nese housewife pays five dollars fora singie red 
plobe. Yet Aacher-san, on one of nis 15 trips to 
Japan, succeeded inselling afew apples there 
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Washington 


State 


Backbone of the 
a state, the Cas- 
ieee cacdes divide the 
Pee crdant west 
from the rain-cdoficient east 

The Olympic Peninsula soaks 
uncer 200 imches of rain annual- 
ly, Which nourishes some of the 
oldest and fastest growing for- 
ests in North America. Nearby 
coastal waters are the realm of 
commercial fishermen, who in 
PCRS harvested 106,000 tons of 
salmon, hallbut, shellfish, arid 
other species. 

The east uvernecs only about 


Py 





isis 





14 inches of annual rainfall. The 
Columbia and its tributaries 
irrigate plains and valleys that 
bring forth an agricultural! 
bounty of fruits and grains. 

In 1775 Brune de Haceta 
claimed the region for Spain 
British and American flags were 
planted soon after as other ex- 
Plorers moved inte the territory. 

American settlers arrived m 
the Protestant missionary era of 
1534-1847, which ended with 
the massacre of Marcus and 
Nurtisa Whitman and a dozen 
others by Cayuse Indians 





Statehood wae Granted ih 
1889, but this far-flung corner 
of the nation grew slowly, 
World War ILenarked a still 
hadming aircraft industry, 
Today the busy ports of Wash- 
ington handle some $5 billion 
dollarein international trace, 
largely with Asta 
AREAL 68, 133 oq mi (176,477 sq kom), 
POPULATION: 4.660, 700, Majon 
CrTies: Seattle, 497,200; Spokane. 
170,700: Tacoma, 162,100; Olympia 
(capital), 31,070. soonomv: Aero- 
stuice, forestry products, tourism 
AGHICULTUBE: Wheat, beef, dairy, 
apples, hope, pcrtaboes 
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Not luscious, picy apples graded Washington 
Extra Fancy; merely frocen fruit whose juice 
would be mixed with vogurt to make a tangy 
elixir. The buyer, adairy company, acvertised 
it.as the “apple drink from the Rocky Moun- 
tains.” Zucher did not think it necessary to 
challenge his customer's geography; after all, 
there are rocky outcrops of lava around the 
Wenatchee orchards. 

Speaking of geography, the State of Wash- 
ington holds an abundance, [t seems like an 
up-coast Califomia—without (fortunately, 
say I) the glitz. [remember aday when [exited 


= 





Photographer SANDY FELSENTHAL has covered 
Indianapolis, the Tenn-Tom Waterway, and New 
Hampshire for NATIONAL GEOGRAPHIC. 


Mashingion State 


a lush forest In the Cascade Range asthe sky 
spat snow. I wassoon in. 

Afghanistan, of so it seemed among the 
treeless, sagey camelbacks around Yakima. 
Rain-shadowed by the mountains, the enst is 
big-vista, small-town, large-farm country. 
Much commerce in this region inclines toward 
Spokane, a sturdy city of 170,700, whose 
banks and hospitals minister to an “inland 
empire” spilling into Idaho and Montana. 
Livahility is enhanced by parks, especially 
Manito, noted for its well-tended gardens, and 
Riverfront, which has a dandy 1909 carousel. 
Riverfront, on the Spokane River, was skid 
row and railroud tracks until civic fenders 
(who bad long wanted to clean up the place) 
mounted the Expo "74 world's fair, in riself an 
achievement for asmall city. Eyesores became 
fairgrounds, then ahundrec-acre greensward. 







ESTERN WASHINGTON STATE, 
poised to receive wet kisses and 
f balmy breezes from the Pacific, 
| sprouts not sage but fern, not 
ponderosa but ponderous cedar. It lives by, 
and upon, water, washed by island-fleeted 
Puget Sound. The sound area is booming —60 
percent of all Washingtonians live there —aned 
booming not only because Boting enjoys a 68- 
billion-dollar backlog of orders for airliners. 


Seattle is the handsome centerpiece, though its 


ekvline (now searing to 76 floors) does not 
please everyone, Concerned that their city’s 
prized livability may vanish, citizens voted 
last May to restrict downtown develapment 
and te limit helghts to about-40 stories. 
Meanwhile, suburbs like Redmond and 
Bothell, semirural a decade ago, domicile the 
brainpower of new endeavors: programmers 
staffing 500 computer-software. companies 
and scientists exploring the potentials of 
biotechnology in two dozen laboratories. 
High tech applied to agriculture seems to 
have the opposite effect—big harvests but a 
lousy crop of jobs. I think of the little valley 
along the Methow River, below the eastern 
front of the Cascades. When I first knew it 
almost two decades ago, it was un isolated 
groove, most of it too cold for apples, dotted 
with a couple of one-saloon towns-and a few 
small ranches. My friends Cathy and Jim and 
their four kids lived there, in eweet if seldom 
profitable communion with the land, Cathy 
could stretch outon a bed of moss and feel asif 
its cool, soft spikes were growing right through 


iS 


Easing into the workday, commuters take the 36-minute ferry ride from Bainbridge 
Ist ucross Puget Sond to fog-cloaked Seattle. Touted for tte slower poce, 


the state's lorpest city worily welcomes newcomers fecing the rapid, uncontrolled 





growth of other West Coast metropolises, Seattle residents recently possed—by 


a wide margin—a measure that limits the height ond size of new office bulldings 
erected in the downtown area through the 199s, 





“People in Seattie dont tive to work; they work to-éenjpoyv ther lives,” save Korist. Elitott Jones, who 
sun on her bolconm in Queen Anne, one of the city’s most desirable neighborhoods. Newcomer 
Jones created a magutine in order to stay tn the city of her choice. Like mony o Seattleite she 
shops for fruit, veretobles, and seafood at the Pike Place Market (right). The warren of shopa 
anid restaurants wos almost lost to the wrecking ball in the 1O60s. 


her. The kids moved the sprinklers in the ha‘ 
meadow and inen saddled up to check the cat 
tle. To be ona horse every day 

When the ranch went, os small ranches 
often do, my friends. went too; it's hard to 
make it in the Methow. And there are a lot of 
Methows in Washington 
‘EARLY A MILE HIGH, north 
nearly to Canada, | switchhacked 


An 


up a trail in North Cascacles Na- 
onal Park. My quest was a vision 
of glacial sculpture, of ridg@es flaked by ice un- 
til they resembled Indian stone knives, of ver- 
tical walls cupping obsidian lakes. [ s¢rambled 





up a Diaded ridge and gazed out at snowy 
Mount Triumph (there isa Mount Despair be 
yond) anc the Picket Range, elittering white 
With equal grandeur the panorama swings 
suthwarcl, to mountains named Tormentand 
Forbidden, rising from ice fields like enameled 
fangs. These are not lofty peaks, seldom top- 
ping. 8,000 feet. But some-call them our most 
magnificent, qur Alps: wouldn't argue 
Much more familiar is that “round snowy 


mney | 
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mountain” British Capt George Vancouvel 
named for Acim. Peter Rainier in 1792. What 
can sweeten the spirit more than the sunrise 
sight of Rainer beaming tike a scoop of orange 
sherbet? What is more delicious than raspber- 
ry Ramier at day's dying? What is Paradise? 
Farndise is 5 
place of paintbrushed meadows, with an old 
lodge soaring on great timbers. For me the 
trails from Paradise lead to purgatory—wup 
Freighted with climbing gear, 


400 feet up Rainier’s slope, a 


Sleep rides 
two hitndred souls attucked those ndpes on a 
SLUITUITNEr Saturday | surrendered tothe thin air 
at LO 000 feet a handthul of more determined 
trekkers went on the next day to the glaciered 
surmimit, 4.411 feet farther into the sky 
Mountains shape not only the weather but 
also the Washington mystique 
Nountaineers, a venerable outdoor club; the 
twin brothers Whittaker of Mount Everest 
lame, and BEL, the outdoor equipment co-op 
Lou Whittaker, now m his 60s, lat 
nnd loquacious, has climbed Mount Rainier 
17 S-times, has taught climbing to many others 
there, has brought down the bodies of friends 


besetting the 


er. 
Be coi 
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Seattle's 
police 
shift gears 


Faking a kid uncer your wing 
i natural when you find him 
hanging Around a towich meih- 
borhood,” says officer Vict 
viaes, one of 22 police officer 
with Seattle's special mountain- 
bikte patrol! (above [n an area 
rife with drugs (right), he coun 


lea strecl-sayvy | 1-year-old 


Veatrerieg (ie 





Chie bike squad is the brain- 
hile of officers Paul Grady and 
Mike Miller, who became fru 

trated tWo Vears ago with the 
limitations of patrol cars and 
foot heats: “We had problems 
Felling LO the crime scene in a 


Car peceaiuse 
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[In pleaming formation outside the world's 
torrent airplane factory in Everett, new Boeing 
7471005 woderpo last-minute detailing before 
felvery. The lergest employer in the Pupet 
Sotnd area, boeing propples with saccess is 
workers strive to mect a 68-billion-dollar 
pockiog of orders witile facing pressures to 
miintoin quality control Mark Ludington 
(hetow) adds @ personal touch-up to the 


engine of a jumbo jet destined for the People’s 


Republic of Chrira. 





rother, Jim, the first American to reach the 
Sig ry la 1 i} | his 
TT Wn Le Wel = Tot Any ce 


“Vou can get 50-below-rero weather here, 
coool ae everest.” Low sc And the trem 
ine iuncreditte for the acroebic need, the crav 
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LOU and Jim both got their start in a Bo 


SCOUL rogram, to lees also offered climbing 
ourses “There are fewer such ppartuinities ry Che beds are usually full on weekends 
now, because ability insurance premiums are Some of mv bunkmates rose to a sharp rid 
so high. But you can still learn to climb with on the volunteer-maintained rope tow, then 
the Mountaineers: The chi L.A(K) strong,  siied down icy slopes, 1] cross-countried on old 
Ponies Up an annual msurance premium of logging roads, under a sky so blue it blazed 
i) 000 to cover ali its activities, including that nicht Volunteers (always, the volun 
chim ine LIP Se thet enrol Pas eral hunclred LCE aly A ea ri LT Lif hd ft , Ma aE lin 
tach veal née, | Slatherecd| the farlic breadi—19 loave: 
[ spent a weekend in the Cascades at the Phe first Mountaineer to earn a coveted Sin 
club's Wiean Si Hut. Named for a longtime Peeks pin for ascents in one season was | 
Club president, it was a hut once: Vobhuntee Lnderson, whoclimbercl Rainier, Adams, Gl: 
carpenters added rooms and inserted another  cier, St. Helens, Baker, ancl Olympusin 193 
llaor, creating space for 104 bunks—and a Climbing gear was expensive: 520 for an ice 
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But to whack by the square mile, up 
to the 4,000-foot peak tops, in o recreation 
ares Close to the Pactie Crest Prailr 
Plum 


clear-cut. Gin the Olyrpa Peninsula are othe 


Creek is not the only lancowner to 
on lands af Incian tribes and 
on Orme 


managed by the state Department of Natural 
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Resources, a two-million-acre timber lord 
ONTROVERSIES aboul cutting aren |! 
new in this state that brims: with 
environmentalists and 
an @eight-billion-dollar-a-year tim 
ber Industry with 60,001 And while 
experts say the industry's future is 
from the vast 


cil ht 


also hasts 
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millers as Well.as tree lovers are 
Dickson, fm 4 
Kim and toments: “We're 
ony of Japan; We raise timber 


lack Instance CHES 


across the Pach 
DCL & cD 
for ihem $0 thew can have a better WHY OF litt 
What Jack objects to is Japanese buyers out- 
bidcling him forlogs. Asvit 
mit Timber Company, 


e president of Suim- 
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through 15 OWT mill instead of maillsin | Lp ett) 


Summit Timber rises [rom a huge humber- 
yard in Darrington, wp against the western 
the | 
Atthe turmoaf the 
century the majestic trees, especially soanng 
an 


Today many who gather in Ed's Bur 
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Dourlas firs, lured immigrant Swedes 
finns 
ger Barn speak with an Appalachian twang a: 
they order the Tar Heel burger — beef and sau- 
patties, cheese 


care | lices, nbout a pint of 
wave, all for $27.10. Hard times in Carolina 
forests sent Tar Heels fleeing to Washington's 
hie woods in the 1070s 


nassed, uncle summoned nephew 


and as the years 


Japan, enjoying a housing boom, bore off 
1 percent of Ube comme ial 
The 


preferred wood is clear of knots and finely 


as whole logs, 
timber felled in Washington. last year, 
rom the dwindling supply of ancient 
Buying from state 


las oF from such CompAniesas Plum Lrees, 


Fre, 


fiants called old growth 


the Japanese pay two or three times.as muuch as 


the U.S. market will bear. Ching and Sowth 


Korea are other major log buvers. thourh thes 


Are net so keer i Cuatity 


Happy to be home after 70 days at sea, a crewman of the ULS.S. Georgia greets his wife it 
dockside in Bangor, base for cight of the nation’s ten Drident moclear submarines. An outhoare 
motor powers the Nirvana (above), buczing across Seattle's Late Union. Guilt hy feo young 


entrepreneurs, the home-enrinecred flocting het tub ta heated by propane. 


Hig fen cion Sati 


Foreign competition has been a death knel 
for small mills, many of which have closed 
But for 
own ole 
dends 


he companies fortunate enough to 
fatten oivi 


purchases plso 


Creien sales 


rrowth, 

Pacific Rim hustle 

rohits from state-owned timberlancds 

poured 130 million dollars into education in 
the 1988 fiscal yeas 

; backyard —the 


In his 
Snoqualmie National Forest 


schools: | 


Wount Baker 
Jack Dickson 
has no competition from dollar-flush Japanese 
buvers, Since Forest Service logs cannot be 
sold abroad. Here be confronts the environ: 
Wilderness 


own 


merntil moyenne Protection, 
habatel and 


other preservation measures have i uri the 


lor the northern spotted owl 


‘allowable cut” on this and Uncle Sam's four 
other forests In the Cascade and Olympi 
ranges. And the competition tS Intense among 
mills ike Jack's, fighting to stay in business. 

For Darnngton (population 1,020) the 
ttakes are daunting. Without Summit Tim- 
bers 440 jobs, few customers would wolf Tas 








Heel burgers of buy milk at the two groceries 

To keep going, Jack bids for timber as. fi 
awn aS 200 mites. [fhe happensto get loge of 
the quality the Japanese like woll, ves, he 
Wil helpimprove apan’s qualitvol lite, while 
LuPone TAR pron : The tirteer Nas Lo ro to 


the market that will pay the most,” 


IT ALL & contlict and frustration, 
however. [In Olympia, the capital, 
people were surprised to see envi- 
ronmental groups and [ncian tribes 
joining Hands with government and timber: 
industry officials. They agreed on more strin- 
gent regulations requiring loggers on state and 
nrivate lands to protect streams ancl lakes. 
screens of trees, 25 feet wide and more, will 
preserve Water quality and wildlife habitat. 

said & forester: “We re finding that it's east- 





trio work with one another than (6 sil across 
the table and well, 
In supporting the new rules, the Tulalip, 


Lummi, and other tribes acted to protect vital 
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habitat. Washimeton'’s 71),000 Intians 
ink ECCT Tot w for as people proud ariel [as- 
A= ACUIVISEE Al cl litazgant 


Nothing has afforded them treater redress 


SONAL, 


or dignity—than a 1974 decision by U.S 
Distict Court Judge George Boldt. (3n the 
basis of treaties made when Washington was a 
territory, he awarded the tribes hulf the catch 
af Northwest salmon and steelhend trout 
fich spin which they historically depended 
The state government kicked and screamed 
Whites shot at Indian fishermen: Indian boats 
were turned away from docks. owas far from 
Washington § finest hour: 

Law anclorder finally prevailed. During the 
“seasons when fish return to spawn, 
state and tribal officials monitor the catch ol 
both commercial and sportfishermen, phon- 
ing information to a computer center. 1 inet 
ans aren't getting their share, their fishing 
days are extended, 

Cin the Yakima Reservation, 1 
acres in south-central Washington, (Cecilia Eli 


short 


i? toilhion 


Maskinetorm State 


Skirting the creter of Mount St. Helens, climb- 
ers view the S00-foot steaming lava dome. The 
voleono, which spectaculiurly blew tis bop in 
ie0, wits reopened ta climbers in the fall af 
S87; a hundred per day are permitted up the 
south slope bebveen May 15 and October 31, 
Phe round-trip climb takes about eight hours. 


told me that only 20 vears aco the dialects of 14 
acatterect gripes COWL | be hearel. 

“T speak two of those languages. But we 
have lost She blames that on 
Bureau of toclian Affairs schools that pun- 
ished students for speaking their own tongues, 
“T hated school,” she savs. 

Cecilia now teaches those two dialects, and 
ontevening ascore of teens and aclults came to 
the reservation hich school to begm hér course. 
She explained to them save mnsikeyumel, 
“our philosophy.” The students repeated a 
tenet of this traditional faith: “SAlomk toon 
We are all the same ‘i 
She reminded the stucents (hat whatever is 


len others, 


ewe. coosim 
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compuny with his horse but suffered only cuts and bruises; another riders ingured 


| jae : e | 1 
horse had to be destroyed. Animal-protection groups ore fighting to halt the 


race, id 50-year tradition for (ndions of the Coble Reservation 








on earth is the work of Tomunwethla, the Cre- 
ator, And: “Never be ashamed of what you 
are. No matter what people may call you, they 
cannot take away your Indian blood.” [am 
sure her stucents walked home a little taller. 


HE HIGH SCHOOL STUDENTS in Rich- 
land also walk tall. Their teams are 
called the Bombers, and their sym- 
bal isa mushroom cloud. Some find 
that offensive, but not Paul Beardsley. “Tt 
épells out the fact that they built Hanford for 
that purpose.” 

Beardsley came from Oklahoma in 1943 to 
be o civilian guard at Hanford Engineer 
Works without knowing whal he was guard- 
ing —oneof 51,000 workers living im barracks, 
eating in mess halls that never closed, guzzling 
more beer than Seattle. He learned what it was 
all about only after a bomb of Hanford pluto- 
nium devastated Nagasaki on August 9, 1945. 

Hanford makes plutonium no more; ite pro- 
duction reactor went on “cold standlyy” Inst 
year, contributing to.a 2,200-job Joss in the 
nearby cities of Pasco, Kennewick, and Rich- 
land, Rut the Hanford Site remains a major 
scientific center: its 12,000 employees work in 
robotics, artificial intelligence, and waste 
management, among other projects, 

Tn the 1970s Hanford was friendly territory 
for the ambitious Washington Public Power 
Supply System —WPPSS. Or, as it would be 
aptly called, “Whoops.” Encouraged by pre- 
dictions of future power shortages, WPPSS 
began to build nuclear generating plants with 
encugh power to supply six Seattles. Three of 
the five plants were sited at Hanfordl. 

The litany of things that went wrong ex- 
tends from sloppy management and strikes to 
expensive retrofitting required after the Three 
Mile Island accident in 1979. Meanwhile, 
five more Seattles failed to appear. Worse, 
WPPSS was financing its ambitions by float- 
ing bonds on the bubble of 1970s inflation. 

The collapse came in 1983, when WPPSS 
defaulted on bonds issued to build Units4 and 
5. [towed 8.25 billion dollars—and had yet to 
cook an atom. Some debt has been settled by 





Curb to curt and beyond, more than 65,000 


athletes pound the pavement in Spokane’s Lilac 


Bloomaday Run. The 12-kilometer event is the 

world’s largest timed race. Running, walling, 
rin wheelchairs, mast participants are in it 
for the fun of the great outdoors. 


Pies. Soir Tee 


the courts and some has-been refinanced at 
reduced ‘interest. Stull, §.9 tilhoen dollars is 
outstanding. Who pays? The consumer. 

Through the Bonneville Power Administra- 
tion, the federal agency that markets electric- 
ity in the Northwest, 578 million dollars in 
bond interest has been billed annually to local 
utilities—who hill their customers. In some 
cities electric rates have doubled. So, many a 
citizen gazes with gratitude at the numerous 
dams on the Columbia ani other rivers; 
thanks to their cheap power, rates inthe region 
are still only half the national average. 

One ofthe three Hanford-sited reactors now 
produces power, helping to pay the debt, I 
walked inside unfinished Unit 1, where 2.5 bil- 
lion dollars had been invested when work 
stopped in 1982. In its great chamber, where 
atoms ought to be spinning, only a spider 
spun, A scrawled comment summed up 
Whoops: “Born under the wrong sign.” But 
the agency hopes that someday its two unfin- 
ished plants can be put to work. 


NM MAY TS, rofo, in the Cascade 
Range in southwestern Washing- 
fton, mother nature displayed a 
— power that made man’s nuclear 
efforts seem puny. AtL8:32 a.m. an earthquake 
registenne 5.1 on the Richter scale shook loose 
a bulge that had been swelling like a boil on the 
north side of volcanic Mount St. Helens. Sud- 
denty more than halfacubic mile of mountaim- 
sie came roaring down. The volcanic vent 
spat a torrent of tephra—egrainy ash and 
rock —that darkened the sky 18 miles up and 
120 miles away. Lahars, or mudflows, fed by 
melting snow and ice, gushed downward. A 
powerful hot breath toppled forest giants in a 
230-square-mile area; searing winds killed 
timber [3 miles distant. Fifty-seven persons 
died; damage and cleanup casts totaled hun- 
crecds of millions of dollars.:* 

The mountain, once a graceful cone, is now 
flat topped, with a great yawning maw. The 
landslide and eruption cost it 1,300 feet of its 
height. Small earthquakes still occur, record- 
ecLon seismometers watched by the U, 5. Geo- 
logical Survey. “Tt's possible St. Helens has 
hacl its last eruption for decades or centuries," 
declared the Survey's Don Swanson. "On the 
other hand, this could be just a hiats.” 

*See “St. Helene: Mountain With a Death Wish," 
Geocraraic, January 1981, and “St. Helens After- 
math,” December 1981, both by Rowe Findley 
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= earlier this year link 
a quarter of Don's 1988 crop 
woltine to be id Apple 
Gathering close to the fire, migrant workers 
comp dlong the Yakima River, Lured by adver- 
tisements for immediate employment, Hiou- 
sods arrived to have thctr hopes dashed—the 
S87 apple harvest was delayed by unseason- 
ably warm weather, Charging that the Washing 
ton Apple Commission knew thot the weather 
would postpone tre harvest hut continued to 
advertise anyway, pickers filed a class-uction 
lowswit that is still pending. Orchords in the 
Yakima Valley (top) help make Washington the 
nation’s number one apple producer. 
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A mushroom cloud te the proud emblem of the 
Richland High School football team—the 
Bombers. A booster in wir paint wears his 
pinona kamikase headband 
proponents are not populor in Richland, which 
for more thon 40 years hos depended on the 
neghboring Hanford nucheer factittes for jobs. 
Couples in Rosolio, a small town near the 
[doko border, dence in Nte local firehall (left) 
during an annual festival called Battle Days. 
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Seattle's been greativ ennched 
Bimone moc Mien refugees 
latest in a procession al 


immigrants that bewan with Chinese 
before Washington had statehood 
Among older painful memories 
lingerof the removal to inland locations during 
World War U1. Many oldsters still will not 
speak of it, although the Seattle community 
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fein his behalis 
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if vou went out for foo yone, 
Wf Wing Luke t 
meal. Luke won the election. 
ther Chinese went to judges’ benches and 
the legislature. The soaring beehive hairdo ot 
Ruby became familar in the King 
County where she served 12 years— 
the rare Chinese woman holding elects 
in Amernca 
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Thus began the Boeing Company 
fines alter World War] it made lurniture 
Lhe BNeineers, 
developed advanced craft. In 1933 the Boeing 
ct modern airliner to carry 
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ing hulding sbi was far from his only 
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In 1928 he createc_a potentially huge congiom- 
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: mpeisated frend sat in Poon 
with five others about his age, all degree hold 
rin mathematics or computer science fron 
wich institutions as MIT and Caltech. 

And all casual: teans, sweaters. "We like 
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labe Blumenthal allowed, “Tused to keep 
Wit hanging in my office, for when LAM 
come.” Ohne of the hi istomers for Micra 
oft computer pr mms, [BMT is severely but- 
oned down by comy 
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of presstire here. Just before the “crop 
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Vowilne to fish “whenever f wont,” Yolo 
Indion Dowid Sohappy (top) returned home ta 
the Columbia River after 20 months in prison 
for selling sabmon illegally. Althowgh federal 
courts ruled that Indians are allowed half the 
total catch of harvestable solomon and steel- 
head trout, reculations dictate the momnber of 
fish that can be canght and when. Sohappy 
contends that fishing at will ts his netive right. 
Only the Yokima can subsistence fish along 
the Alickitot River gorge, where an [ndion 
cofches fish with @ traditional dip met (ler) 








Once oa pian among giants, a 600-yedar-old 
Douglas fir in the Obmpic National Forest 
succumbed to Rick Fitchett’s 54-inch chain 


saw in 1S minutes. At a7, timber faller Mike 
Ladouceur (fmcing page) is considering flying 
for on air box service insted. “After 16 years 
the job takes tts toll on you,” he says. Here he 
and three-year-old daughter Jesste cruise o 
meadow ona minibike. 


Versions Of a word-processing program. [hose 


delavs co 
LTS million dollars in paper losses when Micro- 
soit stock fell nearly 4 percent 

Shed no tears. (sates 5 still a tilltonaire on 
the strength of the company he founded witha 
fellow math Thiz, Paul Allen 
L975 when they wrote a program for an eéarly 
microcomputer. Che asda? computer took 
Atien languages and, later, 
that workhorse operating system MS-DOS 

While Microsoft grew as-much as 70 percent 
the Seattle area exploded into a-major 
seoitware center. “There was-a kind of devel- 


ct Microsoft's chairman, Bill Gates, 


trates was 19 in 


olf, using Gates- 


th 4 iar r 


opme energy, Jim Koop said. “Technical 
people were here, printers wot used to don, 
technical manuals—it built-on itself,’ 

E.&-LAM technician Koopt started his own 
company to procuce computer programs 
galled Button Ware— bution bemy the transia- 
his Wares 


Hon of his (rerman name. He erves 


away. “We | 


bypassed the advertising carm- 


pag,” he said. "Our advertising was, ‘You 
guys copy the disks and share them. Andif you 





like the shareware, would you please send $70 
for amanial and any updates? g 

SO far, 150,000 have 
NOTHER BRAIN TRUST sprang upin bie 
technology, stimulated by research at 


two Seattle msttutions, the Univer 







Washington School of 


sity of 


Mecicine 


Research 


and the Fred Hutchinson Cancer 
Center, leacers in the field. In his 
ottice ina converted warehouse on the Seattle 
waterfront, Stephen Dusan that 
when he was looking for a new businése in 
LoS 1—having sold a company that sper 
food packaginge—he was introduced to tw 

Hutchinson scientists who talked about the 
T-cell growth factor” and a strain of cells 
that micht leacl to drugs useful against cancer 
by stimulating the immune svstem. “They 
references to check,” Dizan 
half were Nobel Prize winners.” 
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poration. In Compensation lor their research 

Hutchinson, the 
ment fund was 
holder. Stock tesues raised GE million cdo 
for Immunex. Some of that went to develop 
Interleukin-2, a drug shown effective in tests 
for treating certain cancers. —Immunex expects 
the drug to win government approval for mar- 
Keling ina Vear or two 
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the biolechnology ca and (heir arrays 
Ph.D.’ s-al Immunex alone). 
"The large pharmaceutical companies were 
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toeholid.” 
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of screntests 
slow to adopt this new technology, 
said, “so new companies could get a 
Potential sales if Interleukin-2 goes to market 
hundreds of millicms of collars 

Thirty-five miles south of Duzan's water 
front office, the light chop of Commencement 
Hay laps against the wharves of Tacoma 
When Washington got 1589, 


statehood in 
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Savoring the remnants of the day, children 
perch on ¢ large piece of driftwood to watch 
the sunset off La Push on the Olympic Penin- 
sulle. Touted os one of North Americo’s lost 
unspoiled frontiers, Washington's coastline is 
now @ favorite tourist attraction. For the 
peopte whi live there, it is the only place to be. 


Tacoma was the chief Puget Sound port. it 
had a railroad, anc thus unton with the rest 
After transconti 


-T* ot my = — . 
Tacoma watched 


ine country, before Seattle 
ntntal rads reached Seattle 
cargoes and jobs go north 

[t took Tacoma vears tos 
Fat has, But Tacoma 
workingman 's city 


- ] 
higher-riing Seattle 


DIeCASAnt 


Dae become os 


ai4 


wed tts je alousy ot 


willingly thoatina bonds to build schools ana 
4nd it will seldom snare 
save when 


save old buildings 
OU i & Séattle-sivle traffic 1am 
Bruce Springstecn plavs the Tacoma Dome 


na femains a keen 


Cin the watertront, Ta 


compentor. [was stancing in the pilothouse of 


the Lie Aen Posy ‘ah har ZOmet| bie like Lh 


floating apartment huilding appeared at the 


mouth of Lommentement Bay. [his was the 


Ariid Maersé, more than two toothall fields 


stacked five stories high with freight 


GREE 
eiFal Sy 


containers. As Geary foss nudged the Danish- 


operated visitor the dock, trucks 


revved up to accept those containers and their 


multimillion-doliar Oriental treasure—VCRs 


and microwaves irom Japan and Korea, shirts 


Valtonal Ge oeripiic, Gecomober ae 








| il ] W al i] 


List Af oul ] 


and raincoats from Singapore and 


Lransterred to treient car: 


7 iT 
nUnCrer teeta P WOLUC Soon De 


Le aro ci 


‘ATTVing lumber, 


phe a, 
Cire r. & il 


rkets A : tied Afni | ch 


a = 
n AMePicean ra 


s heat hoy 
Lil AE as LnRAn = © BLP Lib f 


machinery, and frozen French ime: 
DOr shippers 


wO Matter which deepwater 


The citi ire that 
Ti iL. . Ci = LELES 


Se and Washington has 


handle such cargoes.as grain, logs, and wood 
e U.S. trade deficit is writ large o1 

yes, Some farm machinery and aute- 

biles depart from Tar _and 


. " . i i ‘ 
of coirse Boeing sells aircrakht worldwide. Hut 


importer! cars und other manufactures are toa 


ma andl ee AL 


= 
T 


large extentswapped for such raw mate 


AS port officimis see things 


LUO ber Ono Frain 


lem that must bt addressed in that 
wr Washington, the one 
Wehate. er ihe ry ti ritré 

heting ii secon cern 


tide. Portofi 


J the maior tracing peu 


fais see a lutlure : 


ners of toclay. such as 


= = es | s - 7 
Flan Arms if B1S0 [Torr 


rir 

nA lions. 
have barge labor for 
LHe Indonesia 
ISO million peesop he 


When these 


Washington wil 
L them 


them 


navons Come 


ae ee in _ kK 
PS che See 


nee FET ve PraepTe 

Sy et é j 

ea dD ry 
mone 1 


;: Pa — Le j 4 eo PTE 
on to the hinteringd. And ves, 10 Wilt sé] 


= a | F » & i i rf 
SOME aAPDits— YOu etches 
— 





OUR YEAR IN REVIEW 





uperpowers 





BY GILBERT M. GROSVENOR 


PR ray if kT Ak CHAI MAN Ca wil dial 


HE RESULTS ARE IN from the Tirst Survey ol 


PeOPTARNIC ANOW edge ever Conocucted in 


the Soviet Union, and the statistics are 
VY tor the soviel 


disturbing —not only for 
Union tot also for the Linited States 
Lompared to nine other nations, the 
Sovicts as a whole did not score well at 
al. Asked to identify 16 places on a 
WOrld Map, they averaged only /.4 corr 
rect answers. ranking with Mexico at the bottom of the su 
vey. Soviet youth, however, did much better than ther 
U.S. counterparts, sharing fourth place with Canadians 
and [talians (charts, opposite). U.S. youth came in last 
“Perhaps more age rtunt,” said Nei] Upmeyer of the 
Ciallup Oreanization, Inc.. “Soviet youth scored consicdera- 
bly better than theit ‘Sides White Amencan vouth did 
not. in fact, Amencans were the only nationality whose 
Btn My ear ils chic worse than those over 4 z 
[he joint WU. S.-So0viet survey wis conducted by Gallup 
with the Saviel Ad dems of Sciences. [t underscores, in my 
mM nc Le tipo rlancte of the min’ C1 Oy Propecrs in ete be 
timed-at increasing public awareness of geovraphy and 
mp OVithe 1S INSTPUCHOR in the 2A ss Lei 
he National Gieography Bee, which attracted a million 
Auden PAruicipantis across the Linited States 
The Jason Project. which thrilked scores of classes. at 
SOCIETY headquarters and other auchtorums with live tele 
asts from the bottom of the Mediterrancan Sea 
National Geographic Kids Network, which introduced 
h preci of science classes to one nother im four nations 
The National Geographic Society Education Founda 
Cot. W ch ra ses SUD PITT ice) nla wile ta ork a) | 
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Faking time from a busy day, a 
Soviet housewife in the city af 
Kursk answers questions obout 
ecoprapiw for a survey by ite 
Graligp Grpanizotion ad the 
Soviet Academy of Sciences. 
More than half of the | 500 
Soviet clinens interviewed said 
they combiilered of “atvolutely 
necessary” to know something 
about geograpiy fo be comuiad= 
ered a well-romreded inciviclwa!, 
Vet the prowp aid whele placed 
at the fotion of nine mations 


previdnaly polled. Sevier vouth 


rrored significantly higher than 
Herr elder, 





AIRANcaAnNs ouisoored Soviets in Gul Younger AMSnicans, 8985 18-24, 


identtving places On 8 word mar cored far below (her Soviel counterparts 
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In all but a few details the Soviet survey 
was identical to those done in the other nine 
nations, Because working in the Sovict 
Linton is difficult, it was impractical to cover 
the whole country. Instead 1,500 peaple 
were intermewed in Moscow and Kursk, a 
city of $25,000 people 30 miles south of the 
capital, to provide a typical sampling of 
knowledge in the Russian Republic. 

“Results from the survey point to a start- 
ling superpower comparison,” said Gallup's 
Lipmever, “Americans and Soviets have 
demonstrated an astonishing lack of aware- 
ness of the world around them,” 

An extra question for the Soviets, because 
of their recent involvement in Afghanistan, 
revealed that only four in ten could locate 
that country (No. 4] on the map above), 
just.as only a third of Americans could find 
Vietnam, Some 40 percent of the Soviets did 
not recognize the Pacific Ocean, a5 com- 
pared to 23 percent of Americans polled, 

To be fair, Upmever noted, “the poor 
overall showing by the Soviets 15 @ conse- 
quence of low scores among those over 35, 
who grew up in difficult times without-ade- 
quate educational opportunities.” As | see 
it, younger Soviets have come a long way 
toward knowing the world around them. 
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HERE WAS ENTHUSIASM in the eyes of 
53 finalists in the first National 
Geography Bee at Soctety head- 
quarters in May, Students from 
[3 U0) schools, grades 4 through &, took 
part. “You're all winners,” Senator Bill 
Bradley of New Jersey told the nervous 
youngsters 06 they awaited the final round 
of questions. “By your mterest and your 
ability you are helping to say that geography 
is important and geography is fun.” 

No one had to talk Jack Staddon of Great 
Bend, Kansas, inte having a good time. 
Asked by moderator Alex Trebek to 
describe himself, the sin-foot-six 15-year-old 
quipped. “Well, I'm the shortest person in 
my class. I'm the or/y person in my class.” 
Jack attended the Great Hend Seventh-day 
Adventist Church School, which had a stu- 
dent body of six. 

When it came down to the deciding ques- 
tions, Jack put his self-confidence to good 
use. “Name the flat intermountain area 
located at about 10,000 feet in the center of 
the Andes, said Trebek. “Altiplano,” Jack 
scribbled, chnching the Bee championship 
and a $25,001) college scholarship. 

“It's nice to win,” Jack remarked later, 
atie smile on his face. “Buteven if | 


National Geographic, December 1080 


Asked to locate ]16 places on a world map, Swedes 
were mie! success ul img fen mations surveved, 
Vow may test voor own geographic literacy by taking 
fhe quiz below; ta match the Swedes, you nist 

eive {2 correct answers, 

Showing grace under pressure, 13-year-old Jack 
Staddon (right) of Great Bend, Kansas, won first 
place and @ $25 (MM) college scholarship at the 
National Greegrapiy Bee in May. A million students 
across the L'. 8. took part in the competition, 
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didn't, I'd thank the Lord anyway. It 
gives YOU practice in how not to win.” 
Michael Shannon, a 13-year-old from 

Reading, Massachusetts, won second and a 
515.000 college schojarship, Krew Luu of 
Landover, Maryland, 14, earned a 510,004) 
scholarship for third place. About 35,(4K) 
schools have signed up for next vears Gee. 





“ATCHING @iant video screens ina 
f doven museums across the U.S. 
and Canada, more than 150,00) 
kids —including 25.004) at Society 
headguarters—saw the robot submersible 
Jason explore a volcano and shipwreck on 

} 





Tt was a broadcast that almost didn't take 
place. A few days before, the cable connect- 
ing Jason and its support Vehicle to the sur- 
lace snapped, dropping both to the bottom 
A cumera sicd located the two, which were 
then recovered with 4 grappling hook 

“Our journey to the Mediterranean has 
been anything but uneventful,” said Ds 





Robert D. Ballard of Woods Hole Oceano- ¢¢ 


graphic Institution. “The voyage became a 

NONSIOp exercise in problem solving.” 
LECT Inpro’ Sint Came a5 a Surprise (0 

2 of Stafford, 





[&-vear-old John Wildgru 
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Virgimia, who was sent by the Socicty to be 
one of five students on the research vessel 
Star Hercules. “Tt gave me a better under- 
standing of how science operates, how peo- 
ple work together to achi¢ve a poal.” 

But it was well worth the effort. Not only 
did Ballard and is team take viewers to the 
scene of distant research, they also stimulat- 
ed discussions in the classroom. Students 
lalked about ancient trade routes im the 
Mediterrancan. They did expenments on 
the corrosive effects of salt water. They dis- 
cussed the peosynchronous orbits of satel- 
lites used to relay the video signal. 

Besides being one of the sites for the 
Javon broadcast, | 








1 SOCETY Also |ent A 
hand with related social studies lessons. An 
EXPLORER documentary on the project 
will appear this spring. Major support also 
came from Quest Group Ltd., E 
Data Systems Corporation, Turner Broad- 
casting System, Inc., the National Science 
Foundation, and Jason Museum Network 





ECLrOoOnk 


FELLO,” the message began. “We 
live-in the largest city of the 
L.S.8.K. [ts name 1s Moscow.” 
3 Thus did the boys and girls of 
School #57 introduce themselves to 
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thousands of others in the U.S. and three 
other countries in the first umt of Nathonal 
Geographic Kids Network, 

A computer-based science program for 
grades 4 through 6, Kids Network lets stu- 
dents compare data with others far away, In 
the first six-week unit, students gathered 
statsncs about pets. This information was 
sont to a céntral computer, and the results 
came back in the form of maps and graphs. 
These were used to answer such questions 
as, do city kids keep different pets from 
country kids? (The answer: not really. 
Dogs,.cats, and fish were favorites all over.) 

“They're not learning about pets only,” 
said Monica Bradsher, managing editor for 
soitware. “They're learning how to make 
predictions, how to collect data, and how to 
collaborate, They're learning that where 
you live has atot to do with Aow you live. 











Fourth and fifth graders at Henderson In- 


termediate School in Starkville, Mississippi, 
were so excited about the message from 
Moscow that they sent the Soviet children a 
baseball—not any old baseball, but a prized 
one autographed by their heroes on the 
Mississippi State University team. 

Under development for four years, Kids 
Network is a collaborative project of the So- 
ciety and the Technical Education Research 
Centers (TERC) of Cambridge. Massachu- 
setts, with support from the National Sci- 
ence Foundation and Apple Computer, inc. 


MONG THE SOCIETY'S other new educa- 
tional programs in 1YRY: 

[) GTY, a umque system combin- 

ing a personal computer with a 
laser disc to help teach American history 
from a geographic perspective. Available to 
grades 5 through 12, GTV consists of two 
videodises with 34 thought-provoking video 
segments that let students and teachers pro- 
duce their own shows. GTV was created m 
collaboration with Lucasfilm Ltd. and will 
be offered in February. 
_) The Weather Machine, computer soit- 
ware that allows students to analyze actual 
weather data from the U.S. and Canada on 
colorful computenzed maps. Other soft- 
ware packages: Project 400, an interactive 
visit with animals for grades 3 through 5; 
and the Golden Spike,.a computer time 
machine for prades 5 through 4 that takes 
students back to the 1460s to relive the days 


Pressdent a Keport; Year-end Kevieu 


of Amencas first transcontinental railroad. 

[Interactive features on PRODIGY. an on- 
line computer service created by Sears and 
IBM. Exploring such places as Serengeti 
National Park, Paris, Alaska. the Hima- 
lava, the land of the Maya, and Vietnam, 
the Society makes available each month to 
PRooIGY subscnbers information about the 
peoples, wildlife. and issues of a region, and 
a chance to comment on these issues 





JKING the Geographic's message 

Into the classroom 1s the mussion of 

the Soctety's Geography Education 

Program. Graduates of the fourth 
Summer Geography Insttute—along with 
those from 26 state mstitutes and the first 
Instructional Leadersnip Insitute 
conduct 1.900 workshops 1 this school year 
for 33.000 other teachers 

At the same time we at the Society and 
the 35 state geographic alliances are work- 
ing closely with governors and state leg: 
islators at the policy level to promote 
geography in school curneula. Recent 
revisions In social studies requirements in 
Kentucky emphasize the importance of 
geography in grades 4 through 6, [he 
University of Tennessee added a year-ot 
either worid geography or history lo admis- 
sion requirements, and the University of 
Colorado at Boulder requires a year of high 
school geography for students entering its 
Lollege of Ais and Sciences 

National Geography Awareness Week 
was another big event in schools across the 
LJ. 8. In recognition of such efforts, the 
National Governors’ Association in August 
presented me the Chairman's Award for 
Excellence in Education. 

To heip support these many progriums. 
the U.S. Department of Education and 
State governments have stepped forward 
with financial aid. and more than 1,500 cor- 
porations, foundations, and individuals 
have made contributions and pledpes of 2.8 
million dollars to the National Geographic 
Society Education Foundation. Bell Atlan- 
tic Corporation made the largest donation 
to date, a grant of $750,000, 

This represents, in my View, a Most gen- 
erous response to a national problem. You 
can be sure, in the months ahead, as we 
search for further solutions. we will da all 
we can to continue the successes of L984. [] 
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What makes the wind blow’? Can earthquakes be pre- 
dicted’ How do hurricanes ind tornadees form? Will we 
ever mun out of fresh water? How are maps made? 

Evervonie ten yeurs and older will enjoy answers 00 
questions like these in FAPLORING YOUR WORLD: 
The Adventure of Greography, Use the form on-reverse 
‘ide to order yours now! 
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Golden Bamboo Lenur Genus: Ma; 
Adult size: Lencth, (Bom; tail, 39cm 
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Pirstidentified in 1086, the golden bambue lemun 
Boone ol three rare speces of bamboo lemurs 
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prompted measures to Create a national park that 
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forest. The national park would help ensure the 








iru Specks: ouneiu 
Adult weight: Aporox | 2ka 
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SLIT VIVA lemurs as well 


abundant flora and fauna umdque to the regior 


bese Specia 


lo save endangered species, it is vital to protect 
wir habitats. Linderstanding the tramle balance 


of our world’s ecosystem holds the promise for 
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the future. Photography, both as a sctentific re. 
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The New Classic 


FROM THE PRESIDENT 


A Year in the Life of Planet Earth 


” AST DECEMBER. os We cclebrat- 
ed the Secretys 1) 
years, | promised we would 
Gedicate our sccond century 

LD encoUpine @ Detter steward 
ship of the planet Phe events of 
LOSo have certainly dramatized the 
Importince of that pol 

ANDARY! An Argentine avy 
supply Ship Tan aground and cap- 
sedin Antarctica, relensing some 
170,000 patlons of fuel . 

FEURUARY: The Soviel 2overn- 
ment ordered 20 villages in Bye 
lorussia evacuated because of 
lingenng radioachve fallout [rom 
the 1986 explosion at Chernobyl 

MARCH: The tanker cron Vai- 
dezranagroundin Alaska’s Prince 
Wilhum Sound, ciasing the largest 
atl spill ewer mt U.S. wales. 

APRIL: Air pollution reached 
new levels of danger mm Mexico 
City, where world health offtcuals 
eid honnful ovine had meen dra 
malcally between 1986 and [YRS 

wav> High levels of acid rain 
high as those aver Europe of 
SoOnh Amenca—were detected 
over the rain forests of central 
Afnca, caused by massive man- 
mite fires on the savanna. 

KwoustT: Peace talks failed tn 
Sudan, where rebel agencies had 
shock oiled feo agains) fain 

All the néwa mind vou, was mot 
bad: (OR? wos alse the year when 
witrid leaders—for the first time in 
recen! memory—turmed their full 
attention toontemational environ: 
mentil takes. 

In Helsinki in May, 80) mations 
adopted a dechirativn agreeing to 
phase cut the prealuctian anc 
consumption of chlorofiuaro- 
cormons. (Fils) by the 
vour JUNK), 

In June, President 


George Bush 


first 


MiToHced & an io sirenginen the 
Clean Ar Actin the Linited Suites. 

In July, the leaders of seven 
democracies issued a commUnigiue 
in Pars stating (he “urgent need 
to safeguard the environment fot 
future senernnns AOS ren 
Prime. Minister Bob Hawke fin- 
nounced A program to plant a bil- 
lion trees across his nation durme 
the next decade. 


It was a. tough year for 
the environmentin [989, 
with oul spills, wildfires, and 
acid rain in Africa. 

But there was goud news 
as well: The world's leaders 
acknowledped anew sense 
of UPeency 


Air pollution, deforestiton, 
CVErpopulAnOn, croding 
UNnSsShie® Wahor: a Coordinate CLE 
coverage of such vital concems, we 
created an environment divisionin 
this magazine in )Ss4 dined named 
Assistant Editor hol 
orove to head it 

LMOne Our reports: this your 
Were articies On the decsying for- 
ests of Switzerland, the hazards 
anid benefits of Tadinhion, new 
purks in the Himalaya, and nce 
forest preserves in the land of the 


savils, 


Senn 











Maya. In coming months we will 
ouvert the aftermath of the Alaska 
oi spill, global warming. trans 
portation of hazardous materials 
the logging of old-growth timber 
and the need for urban parks and 
ETeenWways, 

Our conéem for the environ- 
ment appeared tn other Socters 
ctivities a6 well, In February our 
TY Special examined the plight 
of the world’s elephants. An EA 
PLORER documentary on the 
poten lial inmpiect of oil exploration 
on Alaska's Arctee National Wild 
lile Refuge will air January 2h. 

Socwely books on 19) will cowes 
éarth's jinn forests and shorelines, 
nnd Wolo magarme in February 
Will begin a mew sernes on the envi 
Tomine nt, Staring Wilh o fear on 
disappeannge wildlife 

As part of National Creogeaphy 
A4wartness Week in Movember 
b shadent environ 
mental summit al Secrets 
quarters with the Environmental 
Prvtechon Agency. Winners of 
the President's Environmental 
Youth Awtrds were given the 
opportunity to meet with nathonal 
nublic policymakers 

Looking back over 1989, I am 
saddened by the damage humanity 
inflicted upon cur plaret. But Tam 
aiso cocouraged by the many signs 
that governments arc finally pre- 
poured to do scmething abcnat it 
When that happens. vou can be 
sare we'll bring vou the god 
news — with PicasuTe 
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San Diego 
San Diego (August 1989) has the second worst 
ozone pollution in the country. [te bay has been 
rated by EPA ms the most toxics-polluted harbor 
on the West Coast, Raw-sewage spills closed por- 
lions of Mission Hay Park for more than.a hun- 
dred dave m 1987. Parts of Balbos Park are 
overrun with homeless peaple. Wf reachers still 
think that weather is evervihing; they're wel- 
come ta jim us. Bring money, though. The medi- 
an price of a single-family howse is $180,000. 

MIKE CORNFORTH 

Aan Diego, California 


Suck complaints remind muthor Neil Morgan of 
the Hell-on-Eorth Clab, which insisted that San 
Mego was foredoomed hy carthquake, fire, and 
pollution, COccanographer Roger Kevede Aeiped 
found the chain the 1404 a clearly was’ ss- 
ful effort to dizcowrage in-migration 


[wasped when I saw the young men, representa- 
tive of our American youth (pages (80-81): pot- 
bellied, slump shouldered, overweight, Let's 
hope that the Navy can make men of these out- 
of-shape recruite—for their sake and ours. 
Mrs. CLAIR 5S. LEDGER 
Arcadia, Lowtstana 


Dm sure the sorry posture [of the recruits} will be 
ereatly improved after boot training. 

a4 C. BATTLES 

Keene, New Hamps hore 
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Recruits from Company £37 were shown in Lie 
Aueual issue on thety fourth day tn tramtung, 
exhausted and suffering culture shock, Eagit 
weeks of nigorous training—from academics fo 
piviical Aimess fabove)/—earned tiie group bop 
horors in all areas anda coveted brigade award 


‘The picture on pages 1AS-9 was discouraging to 
boaters concerned with water safety. The giant 
slingshot can deliver a missile, such a5 a woler 
balloon, with devastating force. What-may be 
considered harmless fun has resulted in perma- 
nentinjiries. Such activity became Mlegal in Cal- 
ifornia January 1, 1958. We urge you to warn all 
boaters, particularly in California, that the 
throwing of objects, especially by mechanical 
means, can subject the perpetrators to legal pen- 
alties and civil finbilities. | 

Ronket ]. HOFFMAN 

Recreational Boaters of California 

Redwood Cry, Caltfornua 


Everyone should know that balloons can be mis- 
taken for jellyfish by many sea creatures and if 
swallowed ane often fatal. 
JunirH T, CEBLEIN 
Alexandria, Virginia 


Litth mention was made of one of San [hego’s 
greatest success stories: the Tijuana Trolley, The 
light rail line was built entirely with state and 
local funds and covers 90 percent ofits operating 
costs from the fare box. The line isso popular that 
anew line enst to FE] Cajon is being aclded, and a 
thirel line north is being planned. 

JAMES FE. DaAvIEs 

South Bend, indiana 


Neil Morgan wrote about a woman in a red dress 
handcuffed after customs inspectors discovered 
she was carrying a trunkload of marijuana. On 
June 5, 1989, she Was tried in Federal District 
Court in San Diego and convicted of charges of 
importing a controlled substance anc possession 
with intent to distribute, On August 7, she was 
sentenced to two years imprizonment and three 
years probation, 

ALLAN ]. Rapoport 

Chistrict Director 

O38. Custom, San Dregy 


Black Women 
Brian Lanker’s piece, "I Dream a World,” is a 
long-leserved tribute to the endurance and 
strength of black women of the United States, It 
ib ehcouraving for my generation lo see such rec- 
opnition thatin 1950, when my father’s member- 
ship began, may not have been acceptable, It 
reminds ws that with the proper effort and 
choices, Change can be effected, 

Mary L. Davis 

Gronomewec, Wisconsin 


I wasso moved because | ama 22-year-old black 
woman who hopes one day to serve a5 a rep 
resentative to the United Nations. This photo 
essay mace me realize that achieving this goal, as 
unreachable as it may seem now, ls not impoassi- 
ble, Amernca séxtistence & based on many heroic 


National Geographic, December 1980 
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ORLD’S SMALLEST VIDEO 
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deeds, performed by people of all colors. Everv- 
one should be equally recognized. 

STEPHANIE A. Moony 

Etro, Michigan 


Best of all for me was the inclusion of Rng. Gen. 
Shertan Grace Cadona. | met then Lieutenant 
Colonel Cadoria at Fort McPherson, Alabama, 
in 1978, when she was evaluator for our reserve 
unit on annual training. I thought then, I think 
now: [have never meta finer officer. Thanks for 
bringing those exceptional lives into our lives. 

James P. COOKE 

Fancain, Nebraska 


You should have balanced Faye Wattleton of 

Planned Parenthood with somebody like Mil- 

dred Jefferson, the black physician who is a 

leader of the National Right-to-Life Committee. 
ROBERT F. McNAMARA 
Rochester, New Fork 


The article makes no apologies for Angela Davis 
having joined the Communist Party. Commu- 
nism 15 not a system that promotes freedom and 
individual rights but rather takes away those 
qualities of lite. The inclusion of Ms, Davis in 
a lineup of black women who have been fighting 
for freedom and respect for the individual is 
inappropriate, ironic, and negative, 

JOHNNY GIESBRECHT 

Rosthern, Saskatchewan 


As much as I sapprecinted the sentiments ex- 
pressed by the women we heard from in Brian 
Lanker's piece, ] winced at Alice Walker's com- 
ment deniprating “the white males we have 
elected... ." I would hope she would recognize 
that emphasizing the race or gender of those she 
would criticize smacks of the very prejudices 
these women have worker so hard to erase, 

Scorr McNvuLty 

Mraneapolis, Minnesota 


The American Federtion of Arts is bringing the 
Brian Lanker exhibit to art museums nation- 
wide. It opens in Birmingham in January 1900, 
Denver in April, Sioux Falls in July, Lawrence, 
Kansas, in September, and Albuquerque in 
December, For details and the 1991-92 itinerary, 
write AFA, 41 East 45th St, New York, New 
York 10021. 

JiLLIAN SLONIM 

New York, New Fork 


Elephant Talk 

Reading Katharine Payne's fascinating article, | 
was reminded that some 20 vearcapo I was riding 
an clephant in the Terai jungle of Nepal when I 
heard, so low-pitched a5 to be almost inaudible, a 
vague thucdding like that of a distant cies! gen- 
erator. It turned out to be from my elephant ex- 
pressing fear of a nearby rhino whose scent it had 


taught, As more evidence of animal communirca- 


tion comes to light, perhaps we need te revise our 
concepts of their levels of intelligence. 
ARMAND E,, SINGER 
Morgontows, West Virginia 
Old Havana 
Lleft Cuba in 1960 when the country still enjoyed 
the remains of the “capitalist warehouse.” The 
pictures reveal a country totally deteriorated. 
Prior tothe communisttakeoverin 1959, the peo- 
ple enjoyed one of the highest living standards in 
Latin America; now it has one of the lowest. 
LEONARDO GRAVIER 
Coral Gables, Florida 
To make Castro out to be a rather jolly-uncle 
type. “joking” and “twinkling” hie way 
through a three-hour conversation with the Edi- 
tar is to ignore the brutalities of the regime, 
where block captains keep o beacty eve on each 


tesident’s activities; and where some of the most 


terrihle political prisons in the world exist. Alzo, 
thotch it is reasonable to expect a Cuban spokes- 
man to pul Castro’s attitude toward jrtists in a 
good light, it is misleading to accept that idea, 
given the book Against Ail Aope by Armando 
Valladares and his statements in Geneva last 
year about the condition of artists and dissidents 
in Cuba 

Mars. MAX KAMPELMAN 

Washington, D.C. 
The comparison between Castro and José Marti 
untenable. Between Marti’s humanitarian and 
democratic convictions and Castro's Marxist 
totalitarian tyranny, there is a5 great an abyss 
as between George Washington and Lenin. 

RUBEN J, SAEZ 

Aondon, Oregon 
itis Castro who wraps fimself in Moril’s nante on 
the bosit of parallels he sees. Marti would Rave 
recoiled from a Marvist dictatorship os he dtd 


fromthe Spanish overiordshipof hts native land, 


More Loons 

A correspondent in August seemed proud that 
Canada has used her new dollar to memorialize 
the common loon. A mere token gesture! On thic 
side of the border, we have long recognized the 
true value of the common loon and have elected 
any number of them to high postions of pub- 


lic trust. = oe 
FRANCES SPENCE 


Jacksonville, Florida 
Lettert should he addressed to Members Forum, 
National Geographic Magazine, Bor 37448, 
Washington, D.C, 20013, and should inciude 
sender) addres and telephone number. Not ail 
letters can be nied. Those that are will offen be 
edited and excerpted, 


National Geographic, December 108¢ 
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Muli: In the Footsteps 
of Joseph F. Rock 


The indemituble Joseph FP. Rock 
thrilled @ generibon of NAT! 
Croc riit reader with tales ed 

his eaytoraticns of medated pirecas «f 
Chita and ‘Tbet im the 1/92) mal “ith 
Pwo ol lisstnkingecuunts were areout 
journess ie lub, put over Ue Tibetan 
border in (lung's Sichaan Provinge. 
Phere o local king and Tibetan Larrucs 
lived beaee the route palpnims took to 
macau bey bly vi errLeres 

EBorly this year Los Angeles liver 

Peter Kika bed a eroup ian aitcinipet to 
fe-crTeale Rick & travels With the mc 
Of the Chimets Mowntaeneenng Ass 
craton they wernt tu Muh, thet tricks 
bouncing over rough logging roads that 
wiht alin gorges aceeral therusecnd 
lectdeep 

Rock's doce tide puct of hon 

cits win held wway over the pilerimage 
routes. Kika and his group siw no 
hundite, bul many Tibetans corned 
rifles — probably tiny protect their vaks 
from wild animals 

“The monastery hoa been rebuilt, 

and the pilaces extetor faa been 
restored,” reports Buren Miller. s 
fS-Veor-oh! Sacmmenbo Pianeta 
who. wis an the capedition. Six lommas 
and several acnivies greeted the group, 
who wore apparcotly the first Western- 
er in Muli since Rock's day. The 


monks served tea, whit. poars, and 
ike the Vili pote the monks 


| 











| copies of the Goooeaernc with Rocks 


é | 
anticics aml pholiwraphs of Muli 
(above). “They were overwhelmed,’ 


aes Waites 
When the Trees Cry, 
Do the Beetles Hear? 


shink of thirty treescrying for help 
Then think of tmects beanne 
thie ones — and wltocking the rel 
ovely deferscless trees Tt scuincds 
higarre. but it-meay he tree 
Scicntints have recently beard iat 
ate paris omit ullraene chirps 
When thetr Viecular sysiema .oome 
under stress fom drivaght: the chins 





Se, Pe 


bg am id hp 






‘jj & sill] eo oie 


ierdse 22 ins intcnsfic., Robes 
A. Hick. a WS. Fotest Service 
rescuircner, begin to wander if ihese 
chins — more fettially kone as ultra 
BOD GCCehic Omnis —aret beard by 
bark beetles, indects that wick ail 
trees Ged proliferate during a cicughs 

Hasek thought that the emissions 
mikht explain fow the pasecs can tell 
an unhealthy tree from «a healthy une 
He ond he colltaeoed spin a ycar re 
cording the chirps, When they alowed 
down the recordings ta hear the emis 
akon. “they sounded like bonny cliruris 
Of Roenrn puppine.” Hikkek saws 

The team developed a method of 
iuplicuting the chirp and trarenniiting 
them throdch pliant tise. Now they re 
Oitering hick fectles a chore between 
branches ‘with chirps and brancoce 
With them, Dhe resalts are nal de- 
finitive, buy carly data indicate. thet 
Tir insects prefer chirping Draaches 
Lo Chirp nes 


Eating Clay Tablets 
as an Act of Faith 


fithe town of Esquipilas i casbhern 
Ciiatemais stands 9 balice with a 
carne wooden cruciiia knew. ou 
the Black (Chret. The shrine atiracts 
pilerims. whe Often boy clas tablets 
with relics symbol bebo), Others 
hu’ thom in mircets in Role, Hon: 
El Salwador, and éhewhere in 
Cuntermala (helow left). The tablets 
Ane Tear toy be etter, 
The practice: of earth: 
cating. of peuphaey, ih 
Widespread in Africa, 
Meqicu Central 
Amence. Dhret Mictigan 
geopraphers, supported 
by the National Geo 
eraphic Society, stuchbed 
clay-tohlet coting in Len 
tral Actiench., where the 
clay uimoat imVvariahtly 


ris. 


aril 


comes from pi cutsile 
SSPE, 

The goorraphor found 
that women are the main 
Sumer ol the clay tiblots, epencaal- 
ly uuriny! PRreSnAney 1 counteract 
moring wckhoices and enero a safe 
delivery. The team. reported. that 
atthowen taere may be tome nin 
Albepelits, caling the chi is cseentially 
anoct of tath. They asked one woman; 
‘Dethey de you any ood"! 

"if one they do.” she replied. “| 
awe: cieht chalid ene 





















Announcing the winners of the Mazda Photo Contest 90. 


— 
Take a look ot these winning pictures and ‘you'll for the “family album.” And once again we're pleged to 
find the aocrote-to Muaada engineering seo Mazda core and trocks bene put La ‘bree purposes 


Lauer cbeusly ao ee they Wore ene rihesppecl 
Wot at the cartar trucks: At the people. ' © Waving fun 


All kinda of people from all over the world. Al} al a To aur winners we extend Ge ga To every- 
thet having fun | ho entered. we offer our thar \ e 1 apprectation, 
At Mauda, we think that’s the whole idea: aye Thee giotures say moor about Nj ida periormance 

Ones os Your we hak Mania owners to == Tath " ‘ae atic Pron the iho i Anz errUveericas, 
















First Prize Wi inners 
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Set your sights on 1991! 


Avert year tel) ig o call jor more proo! of Afieedo performance 
So get your comero mead and wetoh for mene on hon to enter 
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Buffalo Bill Returns 
to Medal of Honor Roll 


t took T2 yearn, but Buffalo Bill 
i ‘ody a nome has been restored to 
‘the roll of Medal of Honor winners. 
A meoout with the Third Ciuvilry in 
Nebraika, Cody (CrponmarHi. [oly 
EI) comed the modal on April of, 


[St2. ciinng askinninh with @ band of 


Sous who had soled seven horses 

In LOTT, saan after Cody died and 
compression! legishition tant chamfied 
the criteria. for uearheae the medal, @ 
review board ordered the names of 
City ond four other scouts stricken 
from the Mdecal of Honor roll becouse 
thev were civilians und this meligible 
for the medial 

With che aida Wyoming's senaicrs. 
Cody's arondson, Willam ©, Cody 
(above). potitioned for reinstatement 
of hn grandhithers namic. bo July (he 
Army Bound for Correction of Miliary 
Recorils, ruled that “for sllinients ac 
porpocs, Cody wha a soldier” and rec- 
cmmended thiat-he amd Che oiiver sc ts 
boresired tothe Medal it Honor roll 
Army officiate ayereed., 

The medal nself has been in the Buf- 
fale Bill Histencal Center in Cinly, 
Wiyimne. smce 198s, when the ose: 
Lin sequined it Crom « onleetas Paul 
Pees. aco mtorr, ‘ay ihatno one knoe 
why Cody parted with the medal 
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A New, Long Look 
at Mid-Atlantic Ridge 
Cs it was fint dimooyered in 



































873 by the British suiwey Alnip 
}LM.S, Chitlerger, the Mid- 
Athintic Ridve, jin) underwager voice 
des ernerentiokee rimeepe thant stretches: Creer 
iceland wir to Antarctica, hus heen 
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Dating the Kayenta, 
Sorting Out Evolution 


ao acentiits like Kevin Pachan 
Of the Linwersity of Caltlorria, 
Berkeley, Ihe boundary belween 
the end of the Trims: period el the 
beginning of the Juressec perdi, acu 
200 million vd eu, was “one of the 
Td Heciline times in lard wernebrate 
history.” Bey then aliret all the ttc 
e land animal groups—reptiles, 


“npn, mum, everthing but 
binds —taa mde thear debut on the 
VOLUEOnArYy stage. Elat it's scerietiimes 
hard te know whether femsils are {Too 
the Triassic or the Jurassic and there 
fore diffioull to sor cut the pace und 
shape of evolution, 

Conklider the piece af deren in nent h 
em Anzona that geologists call the 
Kiventu formoton, Mint significant 
fossils have been found in Kayenta 
focks. but scientists hive chsigreed 
about which period they come from 
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Muched with incrcasnoely saphisticntes| 
echervtifec tics, 

Perhags the bost known survey was 
Project FAMOUS (French-American 
Mid-Ocean Undersea Study), cen- 
tered southwest ihe Awores (Cir 
OmArHiC, May 1975). In FAMOUS, 
oocanoupraphers intensively probed. u 
hundred kometer lone etretch of the 
rift vallevy—o crack along the crest. of 
the ridge where new ocean floor m.com- 
tirually cheated. 

Early ihis veat @ loin wl seins 
from Wouwds Hole Oveanographic In- 
stitution and ite Lniversty of Wash- 
ington sarveved SAM) kilemmeter diane: 
eecinmy af the nit valley south of the 
FAMOUS aren They weed devices 
that oprodiice chetoiledl “pictires” al 
larze chunks of oocan floor, precisely 
Maing decp-sea contour. magne- 
tem, and grivitatjional chaneess., Viness 
oily produced Waal Jincunis of clot 

“eo OStoneve that you dont krow 
Where (0 start.” SEV one particivant. 

The team found pattern of bw 
rravily “ball's-oves” wl] none thee rift 
wiley, Thelr prescoace proved whal 
many schectsrs had epeculited: that 
cenien of volcan exit at regular 
iiervals, 00 AO Kilomorers apart 


,Cenpaaur SCute 





ee 


oT th The Gan Canam 
a group ia collection 
. | Of oeotngic sic 
_ thal Inckuces the 
| 2 = : ed 
. : Paventa tonmiaiion 
i Lt j ea 
2674 eel PL 
= ULE Ae, Moe 
eri L 


See eo oe 


rei Pini, Wire 
with NathonalGdagraphte Senciety supe 
port, thinks he knows, His sudy af 
aculea—hony, antpor-like poetry 
[om on certam dincenurs—indicaticn 
the Raventa fotiile wre Cron the Jiruis 
ae pers, 

Padion compared scutes from the 
Kuyento with those discovered in En- 
Hand from o tink-hhe dincsaur called 
‘enidaame,n. Molliak fossile found 
with Soridosauriy reveal that it lived 
only tn the Jurassnc parmil 







































AUTHORS WANTED 
BY N.Y. PUBLISHER 


A well-krown New York subsuty book pub 
lisher i¢ searching for manuscripts worthy 
of publication. Fiction, non-fiction, poetry, 
juverniies, travel scientific, specimlined and 
eyen controversial subjects will be romsid 
ered. If you have a browrk lon th manuecripl 
Teadly for publicution (or are still working 
an it), and would like more information ind 
a free booklet, please write: 


VANTAGE ey DEPT. NA 
fle W. fath St. New York, N.Y. 10001 


We're losing our cool 


at 500,000 
trees per hour 


The loss-of tropical forests: is-a serious 
nt of the crowing environmental crisis 
indicated by the greenhuuse effect and global 
warming. Te find aut how you can take action 
now, write Global ReLeaf. American Forestry 
Association, PO, Box 21K), Dept Gin, 
Washington, Lt) S014 





MATIONAL GEOGRAPHIC 


rma Si i= mo Le et = | ee = = 
PITT SSL hl be a PL, oo TE ie 
iste oa PL eT ee 
(if. Sree Geet be Blige. ae 
1 SS Ae ae 
nie A a ee 
bagel eee ee ee Tonge EEE 
Sg pose ee ee ae | 


" Trey Si, See PRET — fia = ao 


ee 1s n= 
. SOD Ratio = ain 
Gl SD AL CRs ta 
L edd Pues ib tb wl Jat [= = 
1D 
l i 
ek Ci 


—\ 
ma | 
You can make a world of difference. — 
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iO Give the gift of good health this 
ree. Christmas...NordicTrack 


The gift of health is priceless. So are the 
benefits of NonhicT rack. 

There's nothings erbcere: Walluetabe than u fi 
healthy beady. And thers ao gift more 
valuable than a Seordic Tinick. 
Sortie i rack bute more culos 
in bess tree thr any tec 
cecrciee muachine—iup to 

1 eulones per hens 
moocecins to Oregen Health 
Sciences | incwersity. [taiso 
beios medice the risk ol developing 
heart dina, chaibetes. hypertension 
no Ostet Ha Arc! i ocenmrbaatess 
be thee keine) cof ital Heralth ane 
perce) yourhius fecling ial conus 
fom a streng@ heart arid total bey 


ines 
Give the gift that keeps on 
giving. A NordicTrack, 

Research afwrwey thal peop le 
lowe their NordicTrhicks* 
















Time is precious. Make it count with, NordicTrack. 
Note Tack allows Someone to 
cual nC fie Th CeCe 
orngnm into ewervkiy life by 

coanvenhently bringin Whe Tectectins (af 

cims-coumry skiing iihaane. It is the 
only exercise machine that works all 

P ls er f Miseles ina stiooth, natural 

mo. 1 alee prc nies a compete 

cirinvascuiar workout oi as lithe as 20 minwbes 
jday, Fine (ies aoe 


' NiedicTreck, Tenet no fetter aia (0 eo! pou care 


Noraicfrack== 


Free Brochure & Video —i| 


/ — Free Brochure & Video 
Lal Tak eee 1-800-428-5888 


In Canada | 


| 
; ede eed te a fice brn Watt coe 
Abe ofeee vader Lay act LVS. SIBETA 











abana doce KA their TGS ne dtu? Prod gl Ca 
machines mere thin 4 tres a i ing | 
poweek, 5 yeurs after purchosne , a ~~. = | 
one. They‘ee found thet SoarhcTrack not omy —) A lp 

erercises more milscles anid bunnies mone calimies in less i | Place ————_- __ , | 
time thon other machines on te marker, but ifs more M41 Jonathan Bbvel K+ Couaeok MS rsd 1B 
enable se cwell. bes the perfect gift for litsiong Frtrbess SanLo ge eee eee eed eee _] 
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Lighting the Way 
toa J et-lag Solution 


: "xpowure to bei ht light cunspecdily 
alleviate pct Re and may combat 
iecrm wn! weep disaruers that 

plague shift workers, gcoording To np 
study by fr. Charles Cycialer and Dr. 
Richard Kronouer, both of Harvard. 
published in the jaurnal Science. 

Crcither ahd htt olkeomues comibuet- 

od 4S eiperimecnis invenving 14 bealihy 
miles that included five-hour dowes df 
brizh! indoor fiahi coch diy. The 
researchers found that the ayhjecis’ 
eaty clorks—“hurnin circadian pece- 
mikers.” tt schentific temtinclogy — 
Could be reset in two to thinoe cays, 
Early indicutions that the shucly wath 
on on track appeared ie en article on sleep 
Ly wenbor writer Mike Lone (Gace 
ormarnic. December [Y8T), In fact, 
while Working an the artichk. Long 
became the study s first jettagsubpect. 
Long flow. poristop from Tower to 
New York across IL tine nones aml 
ther. suffering from an dicute cake of jet 
lag. wel directly to Creisler'’s labora 
toryat Brighamiand Women's Hospital 
in Besten After three daily cycles of 





Heh js SS. 





ee ee, dee 


exposure 10 bright light and durkness. 
Creisler shifted Long's body: clock 
from a Tokyo setting to a Boston one in 
loss than ofethitd ofthe thne it would 
have taken naturally, 


Personalized Maps 
for the Masses 


“hthe late [th century map publisher 
| Alfred T. Andress found whal one 
| gcholar has called “a curiae 
seductive way to bring maps bo the 
comman people.” Amdreas'y scheme 
Wit & packorial athie—ol a Gounly or 
a whole state—which, fora fee, wend 
be decorated wiih a purchaser's pot- 
ail, his biography, or an illustraten cet 
his Earn. 
Anireas’s Ninmesota atlas, pub 


lished in le74, wis purchased bry 12000 | 


of the wate’) 100,000 hogsebolds. A 
few vers age Paul Cithie of Burnville. 
MMinnesoim, booght one of the ongmal 
itis. Soon he wd hinwife wore sek - 
ing ol the Mustrated bullies i order 
fo photopranh thoes stil standing. 
Gilje estimates thatabout a fomih 
the otlee’) houses, barns, churcho— 
Patrick's Catholic church 





a Gres hips 
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tn Lanne stron (bethow left )— and stones 
remain. Flo is minted hy the atlas's 
accuracy atl detail 

Minnesotans were proud to. have 
their botlilings depicted. Grlic be- 
liewey. “Tt wes just a dew decedes after 
Minnesote,was opened to scttlers,” he 
expluns, “so people were caper io 
emornsteiie tOLheir eho neh bors 
that this was.a civilized place.” 

Cilpe often meets people who bive in 
homer thiovtrited in the atlas but who 
haven't beard of the jtlia itself. Most 
are astonished to eee their homes ina 
book morte that o hides year old, 


Great Lakes Pollution: 
Still Dangerous 


the (rrcat Lakes pegen (Gime 
OoArHie, July 1987). Birth defects 


Te pollutarts continue to trouble 


mcbrrdalike this dooble-crested oon, 


rit, which fis uo Ucformed heak 
(bclow). may be caused by towins in 
Lake Michigan fish, 

A National Wildlife Federation re- 
port warns thet cating |] srrvings 
of lange Lake Michigan treat turing fi 
lifetime crehtes o canoer risk of 
aoe i 10,09), Under Entvironmentil 
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Protecthon Agency stundards, a ok 
oF one in 100000 is erinimally accep 
able. The federation found that the 
risks from -catint smaller trout and 
otieer apectia, sacha perch, mre much 
lower, 

“We're nav SUEY EEL “Stop fishing’ or 
Mant cot fish.” tava Mark Van Put- 
ton, dincetor af the federation’s Gineat 
Lakes oltice. “Bul we arc providing 
information sr perpile.can begin bey sti 
tee consuinpicn. The —lotg-temm 
sslution, of coupe, m ta eliminate 
palisectacyen |” 

Among steps that the federwtho ied 
other environmentalist: concer criti 
onl to the protection of the Creat Lukes 
6 “tonics freeze” —a policy prohitit- 
in hay ned increase in the inet diner: 
wus chemiculs in the Great Lakes 
coosyitem. Othersteps inclucte impuns- 
Ing unitorin wiler-quality etanclirchs 
Throughout the likes and setting u 
timetable te reduce dumping of toe 
chanticals. The goal. zero tao dn 
charge in the next century. 
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‘Teach them to make their own and you give them their dignity. 


Think fora minute what your sense of self-worth might be, if you had to 
rely on hand-ours to feed yourself-and your family, As desperate as their situation 
is, the hungry people of the third world hunger for dignity more than food 
That's why at Technoserve we believe so strongly in fostering self-reliance 
In teaching communities in Africaand Latin America te cll, to saw and to reap 
for thomacives. The successful cooperatives we've helped nurture are a 
source of great pride to us, but more rewarcing than thar is the sense of self 
pride we see The fire burning in the eves of those who have their dignity 
again, Please help ws-build more of these fires, by calling the number below. 


‘Techno‘ 


A-working solution to world hunger. 





cme 1428 Geet Awan, Neral, Coonmechout USA 06851 


Gall 1-800-99-WORKS 





A B RE 


American quality has never looked better. 
on Its styling is newly refined. Its value is legendary. This is the 
1990 edition of the full-size Buick LeSabre. 

According to one measure—the J.D. Power and Associates 1989 
Initial Quality Survey—Buick ranks among the most trouble-free 
American brands. And that same study ranked the 1989 Buick 
LeSabre as the most trouble-free American meg pee 

In addition to giving you less to worry about. the 1990 re 
offers you more to enjoy. Including a standard 165-horsepower 
3800 engine for smooth, confident power Spaciousness for six 
passengers. Four-wheel independent DynaRide suspension. 
Even air conditioning is standard. 

The 1990 LeSabre: an outstanding automobile, because it 
offers you outstanding quality. See it now at your Buick dealer. 


*).D, Power and Associates 1989 Initial Quality Survey covering November and Decernber 
1088. Based on ownerreported problems during the first 90 days of ownership. 


The Great American Road belongs to 


BUICK. 
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THEY CAN TEACH YOU 
ABOUT ANOTHER WORLD 


For more information, 


‘4 call YES toll-free at: 
Ni Nl S00-S48-2121. 





Think Think 
Think Think 
Think Think 
Thin | Uhi ink 
Thi* “Sink 





Think Think 
Think Think 
Think Think 
Think Thanks 











Invest in the future growth of America. 





For over 200 years, the natural resources of 
America have been rewanhineg us witha ricn and 


wondrous life. And the breathtaking beauty of the 
land itself, mav be the most wondrous reward of all 


Bul the beauty thal was Once COMMON across 


our land, is slowly disappearing, 


[naman Darts of our countrs, the land can no 
longer be recognized lor what itonce was, [hats 
wih y, Wenly-Iwo years apo, Line America | he Beau 

ful Fund was founded forthe presery ation and res- 
toration of the natunal woadersof America. Wrih 
your help, we can keep restoring the land lo a state 
that the past ance knew And preserve tt so future 


generations Can sce forthemselves, what 1 1s that 


made America great 
Support the America The Beautiful Fund 
[he future of our land may depend on it 
losend donations, or for alle pe 
more information, write tc a h, 
America The Beautiful Fund 
219 Shoreham Building. 
Washington. DC. 200085. 
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Give the most welcome gift! 
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Order now for Christmas piving. 
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Try any of them - Dasher, Dancer. Prancer, etc. SOW Santa mes in o ¢ warn luxury of tus new 

Bul you may havea hard time petting them to tlk Grand Canivan. He cart beat is ample 130 cubic feet 
about it, Because Santa got tired of open-sieigh seating. for all those toys. Or hy ic fact that six lucky elves can 
und Jack Frost in his face. So he put that Caravan inthe = jotn him with room to spare. 


stable. and his 1 OTL MIManuine Pender Ou In Ek Cob. Sunita Knows he needs real power for dashing 





thrown the snow too, And his skagh withewht-reindeer = But dont worry too much about Santa's loyal team 
power can! touch the Dodge Grand Caravan's. 150) af eight. Their legendary status makes them quite an 
horses, Santa's Canivan doesnt need aspectil diet to fly. attraction to the lady reindeer out on the 

lts powertul 3.3L. V-6 engine and front-wheel dnvetear tundra. And now they get to play some real 
up the highway, Even mi the dead of winter, randeer games. [he new spiritof Dodge. Ta 
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MAKE A HEALTHY CHOICE. 
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N THIS LAST DECEMBER of the 1980s, we 
publish anew map of that bitterly contested 
region known for centuries.as the Holy Land 

The map shows modern Israel amid its neigh 
bors — Lebanon, Syn, Jordan, and Egypt. In 101 
vears NATIONAL GEOGRAPHIC has published 
some 14 supplement maps of this area, for which 
| we have been denounced and vilified by one or 
more froups 2s Incompetent, uninformed, anti 
Semitic, anti-Muslim, anti-Areab, anti-Christian 
Thts map will be no exception, for passions in the 
whole region remain high and the killing and 
dving continue unabated 
| Income of the oldest cartographic references to 
Lhe recion, 24,800-vear-old Bevptian potsherd 
refers to the city of Rushalimum, loosely “city ot 
peace.” Tragically this city—now known toomost 
of the work as Jerusalem and to the Arabs as Al 
(Juds, méaning “the holy" —has been perhaps 
the least peacelul city on earth 
Fully occupied by [srael since it took East Jeru- 
salem and the West Bank of the Jordan River 22 
vers ago. the city hos been under the rule of some 
dezen chitferent powers since it was captured from 
the Canaanites by the Lsraelites about 1000 Bec 
Except for conquests and sacking Oy Egy pians, 
Babylonians, Persians, Greeks, and Romans, in 
| the past 3,000 vears it has been held by Jews for 
The new Jison PERNEA FOCUS 200 some ten centuries, Muslims for twelve, and 
Rinocaial ine Christians for four. All three faiths consicler it 
Rsichcadetolieatnca dave tie aaa sacred It has been destroyed and its citizens 
“es killed by all three. 


lock thre a per. The sophisticated ra é 
patented optics and your eyes de the rest Throughout the region there are dozens of sects 

4 hineculer eo acl mice’), tere herd or divisions of Jew s, (Christians, and Muslims, far 
facing *° From Jason, the leader in optics too many of whom are well armed and willing to 
for mere thon 4) yours Mill in defense of deeply felt beliefs. Inevitabh 

he Pt cia AS SUN) line of many of their followers will disagree with our 
nihil, TOU ve ect to bee ito Pelee ve if 1-4 ee ' pid 
, Mig Rear rineninbe airs choice and mix of biblical and historical names 
$n! you can see tat leading ntailers around i . 

and notes, our use of ce facto borders a® of 


the world 
December 1989, and the notes that attempt to 








expan them concisely 
We hope most of you will agree that in the face 
of political and religious conflicts, disagreements 





mong? historians, and contradictions within the 
Bible, our cartographers have procucecl—as one 
of our series of re) lal Places of the World —the 


best map availahle of this tramic Holv Land 
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TOYOTA COROLLA 





‘It'S a car you can 
depend on for those 
who depend on you: 


Toyota Corolla is named the most 
trouble-free new car in its segment* 
When it comes to taking care of those 
who depend on us, we all want nothing but 
the best. And that's probably why so many 
people buy Toyota Corollas. 
Because Corollas have the reliability 
and dependability young families need, And 
the comfort and style they want. Combine 
that with the performance and economy of 
Corollas 16-valve engine and it’s no wonder 
that Corolla owners are finding they love 
what Toyota does for them. And for those 
who depend on them. 


“Toyota, | love what you do for me” 
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‘we begin our second century, 
the GEOGRAPHIC explored 
the land of the Maya, took an 
in-depth look al cocame, ane 
devoted a special issue to France, 
Consult this key to locate other 
BIOTeS OL mnlerest 
Complete indexes of the year's 
artiches are available [ree upon 
request. The January-June ithe x 
(Wal, 7A) is avinlable now; July- 
December (Vol. 176) will be 
reacty in January. The new National 
Creographic [ridex TRAR-TGRS 1s 
on sale for $24.95: a deluxe ech- 
hon, With slipcase and separate 
map index, for 334.95. A full 198% 
supplement will be available in 
January: $1.00, free with fndex, 
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Amenca's grawity waste problem is 
monumental. We generate 160 million tans a 
garbage a year. 

Our nation's landiilis are being filled up: In 
five years 2.000 of our remaining 6,000 fandiilis 
will be closed. 

A lot of well-intentioned solutions are bend 
offered. One is that foam plastics, plastic bottles 
and plastic packaging should be banned, 

The Tact s that plastes make up less thar 
8%, by weight. of our nation’s waste. Paper and 
paperboard make up about 36%, glass and metal 
about 9% each, all by weight, Plastics are naturally 


banter, but still, when compressed, account for only 


about 20% By volume 

If plastics were banned, the need for pack- 
aging wouldn't go away, The idea is to substitute 
other matenals which are assumed to be biode- 
gradable, soa landfill would take longer to nai 
full. Studies show, however (hal paper and oth 
matenals decomoase so slowly in today’s ei is 
that the lives of the landhils are not extended 

Recycling must play a part. 

In addon fo environmentady secure land 
fils, and more state-of-the-art waste-to-energy 
incinerators, we belleve that. a significant answer to 
America’s waste problem lies in recycling. Every- 
thing recyclable should be recycled. Yard waste 
Paper Metal cans. Glass bottles. And plastics 

Athough plastics recycling isin its infancy, 
olasics are potenhally more recyciable than alter- 
native packaging matenals 





n that much of our garbage 
is made up of plastics. 





In South Caroina, one company recycles 
100 mition pounds of 2-iter plastic sot dinnk bothes 
a year into everything from fiberfill for ski parkas to 
scounng pads to automobile cistibutor caps 

In Chicago, another company processes 
2 muon plastic milk jugs a year into - plasbe 
lumber” for boat docks. park benches and fences 

What Amoco Chemical is doing. 

Amoco Cherrnucal is sponsonng a recycling 
program in New York State demonstrating that 
polystyrene foam food service containers from 
schools and restaurants can be recycled into insu 
lation board for commercial constructon, cafetena 
trays and home and office products 

We're gartiqating in a consortium with 
other major plastes manufacturers which wall supper 
constructon of ragional polystyrene racyckng plants 

in Portland, Oregon. we renovated a 10-acre 
environmental learning canter with.a new wetlands 
walkway, signs, kiosks and benches made from 
recycied plastics 

Were encouraging the start-up oF new paas- 
tic recycling efforts, helning to find new ways to 
collect and sort recyclables, and supporting efforts 
to create markets for recycled plastic products 

Ar Amoco Cherncal, we Dekeve we re-only 
beginning to see the banefits of recycling, In the 
not-too-distant Tuture, tt can turn our Sowd waste 
froma national problem into a national resource 

Fora free copy of “Aecyeling. Do it Today 
For Tomorrow” wie Amoco Chemical 200 East 
Randoloh Dnve. Chicage, 1k 60607 


Recycling. Do It Today For Tomorrow. 
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PHEN MAKIN Close-ups 
of chief restorer Gian 
ls Loolalueces (amc is 
HOPan-cn-a-Ou thon | 
Victor R. Boswi lk.. was 
back ina Sistine | hapel tar 
tleaner and boehter thim th: 
me he photographed 20 vears 
earhier. Then tt took 200100 
watts Of iluimination to pene 
trate the gloom for one large 
mosaic of the entire ceiling 
[n 1989 Vie néeded only ont 

tenth the hght to make the view 
On the restored ceding on pares 
Co. Long expenenced in 
making puntings, sculptures 
and other treasures come alive 
he rehed on his practiced eye to 
make scdjusiments for distortion 
to compensate for 
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wiih the walls. Lhere Michelan 
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Directing the lengthy restora 
hon, vatican arnt histonan Fabn 
Ao LCI | iere OUTSe Che 
nape! (nzht), has become 2 
Practicing diplomat i Visiling 
i oleaeuc 5 | i the Pros j le 
ind restorer Cojalucd, heme 
interviewed f¥ author Daw 
Jeeresy (far right). hove with 
SINty Paticnce answered a 
hundred questions a thousunel 
mes imout Michelangelo's 
minwmcntal work 

[ns ' found A . MSUne cssi0n 
ment oddly like hrs first 4i@ht of 
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The only ditference is the film. 








There th ey go again. And again. And again. 
It’s your only chance to capture your # 
daughter’s tirst carousel ride, And 
vou’ve got your usual film in the 
camera. But what tf it’s too dark? 
Or they’re moving too tast? 

Well, with Fujicolor Super HG 400 
Hilm, you can lore et all that and | just concentrate on the moment. 
Because it freezes the action and gives you vibrant color and clarity 
that you hadn’t thought pc sible, even in low light. Which could 
mean the difference betw een aclear memor y. Ora blurry one. 


FUJI. A new way of seeing things. 


